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EDITORIAL 


CONTROL OF DANGEROUS DRUGS AND POISONS IN HOSPITALS 


Tue Report* has just been issued of the Joint 
Sub-Committee on the Control of Dangerous 
Drugs and Poisons in Hospitals. The use and 
abuse of dangerous drugs is a matter of concern 
to anaesthetists. This concern is not only for the 
protection of the patient from misuse or over- 
dosage: it arises also from the fact that anaes- 
thetists are perhaps more exposed than other 
members of medical staffs to the subtle dangers 
of addiction. The Report states that, according to 
the evidence given to the Committee, cases of 
abuse of dangerous drugs in N.H.S. hospitals are 
rare, but that nevertheless they do occur, and that 
they are not always handled wisely. Many con- 
sultants—at some time in their careers—have 
come across occasional instances of addiction 
involving one of their colleagues or juniors; and 
a few of them, from time to time, become uncom- 
fortably aware that those whom they know to be 
addicts are applying for hospital posts—and not 
always without success. 

The suspicion—or the certainty—that someone 
is abusing dangerous drugs ushers in an unhappy 
period in the department or section of the hos- 
pital concerned. Often, as. the Report states, “the 
main desire appears to have been to avoid un- 
pleasantness. One or more members of the staff 
tender their resignations and the matter is 





* Ministry of Health: Central Health Services 
Council: Report of the Joint Sub-Committee on the 
Control of Dangerous Drugs and Poisons in Hospitals. 
H.M.S.O., 1958. 2s. 


dropped forthwith. The addict probably im- 
mediately obtains a similar post in another 
hospital to his or her greater harm and to the 
danger of the patients”. Later the Report refers 
to slackness on the part of the employing 
authorities in checking the prospective employee’s 
credentials. But the blame does not always lie 
here. It is not unknown for senior members of 
hospital staffs, out of sympathy or loyalty, to 
write references which do not reveal their know- 
ledge of a candidate’s weakness in this respect. 
The result of such misguided behaviour can only 
be disastrous, and the Committee, “are concerned 
to find how often an addict finds his way back 
into the hospital service”. 

The hounding or denunciation of a colleague 
in misfortune is naturally repugnant, and the 
difficulties of ensuring that cases are dealt with 
promptly and correctly are great; but the nettle 
must be grasped. The Committee urge hospital 
authorities to consult the police whenever they 
have grounds for suspecting that one of their staff 
is misusing dangerous drugs, and not to hold an 
enquiry of their own. This advice is fortified by 
the statement that the police are more concerned 
that the offender should receive treatment than 
that he should be prosecuted. 

Senior anaesthetists should read this Report, 
and consider its implications, so that if unhappily 
they should be confronted with a choice between 
two distasteful courses, they will not be unpre- 
pared. 
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THE FLUORIMETRIC ESTIMATION OF ADRENALINE AND 


NORADRENALINE DURING HAEMORRHAGIC HYPOTENSION 


BY 


R. A. MILLAR* AND B. G. BENFEYT 


SYMPATHO-ADRENAL stimulation in response to 
haemorrhagic hypotension was suggested many 
years ago by the demonstration of accompany- 
ing vasoconstriction (Cope, 1911; Pilcher and 
Sollmann, 1914), of adrenal gland depletion 
(Tachi, 1928), and of an increased catechol amine 
content of adrenal venous blood (Bedford and 
Jackson, 1916; Sataké, 1931). More refined ex- 
perimental procedures revealed the importance 
of the pressor-receptors in promoting reflex 
sympathetic stimulation in response to hypo- 
tension (Tournade and Chabrol, 1925; Heymans, 
1928), while the writings and concepts of Cannon 
(1932) later emphasized an important role played 
by the adrenal medulla in states of shock. 

More recently Lund (1951), using a fluori- 
metric technique of limited sensitivity, measured 
increases in adrenaline and noradrenaline in ad- 
renal venous blood during haemorrhagic hypo- 
tension, while Watts (1956), using a biological 
method of estimation, found significant increases 
in arterial adrenaline concentration accompanying 
haemorrhage, also in dogs. 

In a study very recently reported (Manger et 
al., 1957) circulating adrenaline concentration 
was found to increase after haemorrhage induced 
at variable rates, in four dogs. The method of 
estimation has received considerable criticism, 
however, and while it has shown good agreement 
with techniques of biological assay in the measure- 
ment of increased adrenaline levels (Millar, 1956) 
it appears to be insufficiently specific for the 
estimation of noradrenaline (Valk and Price, 
1956; Euler and Floding, 1955). 

In this study, eight dogs (7—25.6 kg) were bled 
to death by withdrawal of 12 ml/kg samples of 
blood over a period of 2~3 hours. Plasma and 
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urinary adrenaline and noradrenaline were esti- 
mated by fluorimetric methods which provide 
a sensitive simultaneous determination of each 
amine. 


METHOD 


Each dog was very lightly anaesthetized with 
minimal amounts of thiopentone injected into an 
infusion of intravenous saline, which was con- 
tinued at the slowest possible rate throughout 
each study. The bladder was catheterized, and a 
cannula inserted into the femoral artery after 
infiltration of the groin with 1 per cent lignocaine 
solution. Continuous measurement of arterial 
blood pressure was accomplished by means of a 
Statham strain gauge and Sanborn recorder. A 
suitable stopcock allowed withdrawal of blood 
(12 ml/kg) from the femoral artery at intervals 
of one hour until three samples had been obtained. 
Thereafter 12 ml/kg was withdrawn at intervals 
of 15 minutes until total circulatory collapse 
occurred. Every half-hour from the start of a 
study urine samples were obtained by washing 
out the bladder with saline. Blood was withdrawn 
into heparinized glass tubes and the plasma 
separated by centrifugation. All estimations on 
plasma and urine samples were made in dupl- 
cate, and refer to “yg of adrenaline and nora 
drenaline free base”. 


Treatment of plasma samples, and notes on the 
method of estimation. 

Twenty ml plasma, to which was added 5 ml 
of 3 per cent sodium thiosulphate, a trace of 
disodium ethylenediamine tetra-acetate and 15 
ml of sodium acetate solution of pH 8.4, was 
adjusted to a final pH of 8-8.5 and passed through 
a glass column, 50 ml capacity, containing 300 
mg alumina (Merck, acid washed) supported by 
glass wool lying on a suitably placed constriction 
in the lower limb of the column. The adsorption 
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procedure was similar to that described by Weil- 
Malherbe and Bone (1952), but for this study 
elution from the column was accomplished with 
two separate 2 ml aliquots of acetic acid. During 
development of a micromethod of estimation, the 
use of low volumes of eluate appeared advan- 
tageous in securing low “sample blank” fluores- 
cence, but the disadvantage of reduced sensitivity 
at very low plasma levels of adrenaline and 
noradrenaline, accruing from division of the 
eluate into two fractions for estimation, implies 
that for this study estimated values of adrenaline 
or noradrenaline less than 0.50 yg per litre cannot 
definitely be regarded as physiologically signi- 
ficant. 

The method of estimation may be _per- 
formed using a wide range of eluate volumes. 
For example, improved results are now ob- 
tained by using somewhat greater quantities 
of alumina (500 mg), eluting with 4 ml acetic 
acid (using 2 ml for sample and 2 ml for “sample 
blank”). When large amounts of adrenaline or 
noradrenaline exist in plasma samples, as in 
patients with phaeochromocytoma (Benfey and 
Millar, 1957), increased recovery is always 
obtained with a second elution of acetic acid. 

The fluorimetric method of Euler and Floding 
(1955) has been modified as follows: 1 ml of 
each 2 ml plasma eluate is mixed with 0.5 ml of 
sodium acetate buffer (pH 6.5). After oxidation 
with 0.1 ml of 0.2 per cent potassium ferri- 
cyanide for exactly 2 minutes, 0.5 ml of a mix- 
ture of 9 parts 20 per cent sodium hydroxide 
with 1 part 2 per cent ascorbic acid solution is 
added. The remaining 1 ml of eluate is used for 
“sample blank” solution, potassium ferricyanide 
being added after addition of alkali and ascorbic 
acid. Addition of potassium ferricyanide to all 
“sample blank” solutions is essential to prevent 
estimation of falsely increased levels of adrenaline 
and noradrenaline when small amounts are 
present in plasma. 

One sample and “sample blank” are estimated 
at a time, and after immediate centrifuging their 
fluorescence is read about 5 minutes after addition 
of alkali. The fluorescence of adrenaline solutions 
develops immediately, but noradrenaline fluores- 
cence requires 3-5 minutes for maximal develop- 
ment after addition of alkali. Accurate timing of 
the procedure is important; a gradual increase 
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in fluorescence readings of both sample and 
“sample blank” solutions is usually observed with 
time. A Farrand photofluorimeter is used for 
measurement of flucrescence, the total volume of 
fluorescent material in the cuvettes being 2.1 or 
3.1 ml (comprising reagents plus 1 or 2 ml of 
plasma eluate). To set the instrument, a solution 
of 0.05 »g adrenaline is used; this remains stable 
throughout several single estimations in succes- 
sion. Two primary filters are used, at 400 and 
436 my, each in conjunction with Wratten filters 
No. 35. The secondary interference filter is at 
500 my, with a Wratten filter No. 57. With the 
400 my. filter in the light path, the fluorescence 
shown by noradrenaline is slightly greater than 
that of an equivalent amount of adrenaline; using 
the 436 my. filter combination, adrenaline shows 
a fluorescence more than twice that of noradrena- 
line. When two elutions are made from alumina, 
the net fluorescence readings are added. Ad- 
renaline and noradrenaline concentrations in the 
eluates are then determined by means of a simul- 
taneous equation derived from the net fluorescence 
shown by the samples (i.e. sample fluorescence - 
“sample blank” fluorescence) and from stan- 
dard solutions of adrenaline and noradrenaline 
(0.05 ug). 

In mixtures of adrenaline and noradrenaline in 
pure solution, mean recovery of adrenaline 
(0.01—-0.04u.g) was 92.5 per cent (S.E. + 3.30); for 
noradrenaline (0.01—0.04 .g) the figure was 104.3 
per cent (S.E.+2.50). These figures are un- 
selected and represent average rather than maxi- 
mum attainable accuracy. 

The useful limit of sensitivity is at least 0.002 
yg adrenaline or noradrenaline; under optimal 
conditions of recovery, therefore, if 20 ml of 
plasma are obtained and the eluate is divided 
into two equal fractions for “sample” and 
“sample blank” solutions, less than 0.20 yg per 
litre of adrenaline or noradrenaline may be esti- 
mated. Using the technique described here, 
recoveries of added adrenaline and noradrenaline 
(0.05-0.10 wg) from plasma are in the range 
50-75 per cent. 


Treatment of urine samples. 

Urine samples, comprising a few ml of urine 
secreted during the relevant time period, with 
about 30 ml of saline used to wash out the 





















160 


bladder, were acidified at once to pH 3-4. Prior 
to purification on alumina, on a subsequent 
occasion, each sample was mixed with one-third 
its volume of 3 per cent sodium thiosulphate and 
500 mg of disodium ethylenediamine tetra-acetate, 
and adjusted to a final pH of 8.5 with 2 per cent 
sodium hydroxide. The adsorption procedure was 
similar to that described for plasma, using 700 
mg alumina (Merck, acid washed) supported on 
cotton wool in the lower limb of a 50 ml glass 
column. 

The technique of estimation was as follows: to 
0.5 ml of the eluate, 1 ml of sodium acetate pH 
6, and 2.4 ml water, was added 0.1 ml 0.25 per 
cent potassium ferricyanide. After 2 minutes, 1 
ml of a mixture of 9 parts of 20 per cent sodium 
hydroxide with 1 part 2 per cent ascorbic acid 
was added. “Sample blanks” were prepared with- 
out addition of potassium ferricyanide. Two 
“reagent blanks” were used, one containing all 
reagents, the other omitting potassium ferri- 
cyanide. The difference in fluorescence readings 
shown by these two “reagent blanks” (i.e. the 
fluorescence introduced by addition of potassium 
ferricyanide) was added to the values shown by 
each “sample blank”. Standard solutions were 
prepared with 0.05 ug adrenaline and noradrena- 
line. 

A Beckman DU fluorescence attachment was 
employed for measurement of fluorescence, which 
was read 15-60 minutes after development. Dif- 
ferential estimation was achieved by means of 
the following filter arrangements: (1) Excitation 
at a primary wavelength of 365 my, with 
secondary interference filter at 400 my. With 
this filter combination noradrenaline fluorescence 
is approximately equal to that of adrenaline. (2) 
Excitation at a primary wavelength of 436 mu, 
with secondary interference filter at 500 my. With 
this filter arrangement the fluorescence of nora- 
drenaline is about 20 per cent of that shown by 
adrenaline. The use of a simultaneous equation 
allows differential estimation of the two amines. 
Mixtures of adrenaline and noradrenaline in pure 
solution, estimated by the technique described 
for urine samples, yielded recovery figures as fol- 
lows: adrenaline (0.01-0.09 yg) 101.7 per cent 
(S.E. + 2.60); noradrenaline (0.01-0.09 yg). 84.7 
per cent (S.E. + 1.86). 
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TABLE I 
Plasma adrenaline and noradrenaline levels (ug per 
litre) during haemorrhagic hypotension in eight 
dogs. M.A.P.—mean arterial blood pressure just before 
and after withdrawal of each blood sample. 











Plasma M.A.P. 
Before After 
Sample Adre- Noradre- with- with- 
No. naline naline drawal drawal 
Study 1 (7.4 kg) 
1 0.51 <0.50 135 133 
2 1.56 0.56: 104 79 
3 7.40 1.66 81 42 
4 9.36 4.00 47 9 
5 48.53 26.77 9 - 
Study 2 (15.4 kg) 
1 <0.50 <0.50 147 145 
2 0.69 0.60 109 64 
3 1.55 0.63 93 51 
4 4.51 1.22 57 16 
5 18.13 2.84 16 11 
Study 3 (7.0 kg) 
1 <0.50 0.52 118 109 
2 0.90 <0.50 97 45 
3 2.51 <0.50 60 18 
4 4.46 1.24 49 16 
5 17.10 8.97 14 4 
Study 4 (17.1 kg) 
1 <0.50 <0.50 118 98 
2 <0.50 <0.50 99 69 
3 0.85 <0.50 94 36 
4 2.10 <0.50 62 16 
5 3.94 0.58 29 25 
6 21.08 2.13 25 - 
Study 5 (17.0 kg) 
1 0.58 <0.50 114 110 
2 0.73 <0.50 136 85 
3 1.33 <0.50 126 109 
4 2.65 <0.50 109 25 
5 6.04 0.66 30 12 
6 21.60 2.50 12 -- 
Study 6 (9.9 kg) 
1 <0.50 <0.50 126 121 
2 065 <0.50 137 92 
3 1.31 <0.50 115 60 
4 5.23 0.68 53 15 
5 12.83 0.94 23 -— 
Study 7 (18.2 kg) 
| <0.50 0.95 133 108 
2 <0.50 0.61 114 90 
3 0.59 <0.50 100 91 
4 1.05 0.99 92 78 
5 4.11 1.52 86 41 
6 8.41 3.09 54 9 
Study 8 (25.6 kg) 
1 <0.50 0.74 139 146 
2 <0.50 0.68 128 117 
3 5.82 2.31 80 12 
4 6.77 <0.50 13 5 








MEAN ARTERIAL BLOOD PRESSURE 


















RESULTS 
Table I shows the data obtained from analyses 
of plasma samples for all eight studies; figure 1 
illustrates the mean values obtained. In the first 
blood sample withdrawn shortly after induction 
of anaesthesia, between average mean arterial 
blood pressure levels (M.A.P.) of 129 and 121 
mm Hg, the mean estimated arterial adrenaline 
level was less than 0.50 yg per litre of plasma (it 
cannot be stated definitely that the actual figure 
of 0.22 ug is physiologically significant). One 
hour following withdrawal of the first sample the 
average M.A.P. had fallen a further 6 mm Hg, 
but then fell from 115 to 80 mm Hg during 
withdrawal of sample 2, which showed an adren- 
aline concentration of 0.72 yg per litre. More 
marked increases (to a mean of 2.67 ug per litre) 
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were detected in sample 3, withdrawn one hour 
after total blood loss had totalled 24 ml/kg; dur- 
ing withdrawal of this sample average M.A.P. fell 
from 94 to 52 mm Hg. 

In all eight dogs a fourth sample (also 12 
ml/kg) could be withdrawn after a total 
haemorrhage of 36 ml/kg had been sustained for 
15 minutes. The mean arterial adrenaline con- 
centration was now 4.52 ug per litre; the fall in 
average M.A.P. during this sample withdrawal 
was from 60 to 22 mm Hg. In seven dogs a fifth 
blood sample (up to 12 ml/kg) could be with- 
drawn after a further 15 minutes. The average 
M.A.P. before taking this sample was 30 mm Hg; 
mean circulating adrenaline concentration was 
15.82 yg per litre. At this point total circulatory 
collapse occurred in four dogs. After a further 
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Fic. 1 
Mean plasma adrenaline and noradrenaline concentrations, with average mean arterial blood 


pressure in eight dogs subjected to graded haemorrhagic hypotension. 



































162 


15 minutes a final smaller volume of blood could 
be withdrawn from three dogs just before death, 
these samples showing similar high agonal values 
of circulating adrenaline. 

Urinary adrenaline concentration also showed 
marked increases (table II; fig. 2) reaching a 
maximum mean value during the period when 
blood loss totalled 24 ml/kg. Thereafter the con- 
centration fell linearly with the sharp decline in 
blood pressure, as urinary output declined to 
negligible levels. 

The mean estimated plasma noradrenaline 
level in sample 1, for which a physiological 
significance is not claimed, was below 0.50 ug 
per litre (0.37 »g); in sample 2 the mean value 
was the same. One hour after sustaining a total 
haemorrhage of 24 ml/kg average noradrenaline 
concentration had increased slightly, to 0.74 ug 
per litre. Fifteen minutes after the total with- 
drawal volume had reached 36 ml/kg the mean 
circulating noradrenaline level was 1.18 ug per 
litre. When total circulatory collapse was impend- 
ing (sample 5) noradrenaline levels had increased 
to a mean of 6.04 ug per litre. 

The mean noradrenaline concentration in 
urine showed no consistent change throughout 
the period of haemorrhagic hypotension. 
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The range of total blood loss sustained by the 
eight dogs studied was 46.8-69.6 ml/kg, with a 
mean value of 58.9 ml/kg. 


DISCUSSION 


These results confirm, with a fluorimetric method, 
that marked increases in plasma and urinary 
adrenaline concentration can be demonstrated 
during haemorrhagic hypotension in dogs. Slight 
increases occur, for example, after a haemorrhage 
of 12 ml/kg has been sustained for one hour. 
Thereafter, as further blood is withdrawn, 
plasma adrenaline levels increase progressively, 
whereas urinary adrenaline concentration falls 
linearly with the sharp decline in blood pressure, 
as urine secretion diminishes or ceases. 

Changes in plasma noradrenaline concentration 
during haemorrhagic hypotension were less 
marked. Thus, at a period of severe circulatory 
collapse (sample 5) noradrenaline levels were 
less than 1 yg per litre in three of the seven dogs; 
the estimated mean figure of 6.04 ug per litre is 
largely attributable to the very high agonal nora- 
drenaline level in sample 5, study 1. Urinary 
noradrenaline determinations failed to show 
concomitant increases in noradrenaline con- 
centration; in general, however, when plasma 
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Fic. 2 
Mean urinary adrenaline and noradrenaline concentrations, with average mean arterial blood 


pressure in eight dogs subjected to graded haemorrhagic hypotension. 











I'l 10°0 
aa 0 
L6T 
L9'l 
0 
0 co" 
— We = 
Oly 9€0 1 Ost 
V sd N V N Vv V 





9 ‘ou py ‘ou ¢€ ‘ou Z ‘ou | ‘ou ‘ou 
ojdwes ofdwies ojdwies ajdwiesg ojdwies Apnis 





‘9 o[duies ewseyid Jajje usye) sem QB ‘ON aJdWIes 

‘9 pue ¢ sojduies vuseid Us0MjOq UdyR) Sem £ ‘ON Z[dWIeS 

‘¢ pue p sojdures eusejd Us9Mmjoq Ud7,e} SeM 9 “ON o]dUIeS 

‘p pue ¢ sojdures ewsejd usomjoq udye} Sem ¢ “ON 2][dUIeS 

‘€ pue Z sojdwies eusejd Uds9MjJOq STBAIOJUI UTW-O¢ Je Udye} 919M f pu ¢ ‘ON SaTduIes 


= 


Z pue | sojdwivs euisejd UddMjJOq S[BAIOJUI UIW-O¢ Je Udye} o1OM Z PUR | ‘ON Sojduies 


(unu /3y/3vw) auyouasposou puv auyvuaspo fo uolNasoxa Kavu 


I] a1aVv,.L 


~ 
q 
_ 
< 
Zz 
_ 
: 
e) 
Z 
Q 
Z 
<x 
= 
¢ 
— 
< 
Zz 
oo 
ad 
a) 
<x 
= 
o) 
Z 
2 
Ss 
< 
= 
- 
”n 
_ 
Y 
~ 
2 
2 
e) 
~ 
me 








164 






















































noradrenaline concentration showed moderate 
increases hypotension was severe, and urinary 
output had diminished or ceased. 

It is evident that increases in plasma nora- 
drenaline levels during haemorrhagic hypotension 
in dogs are much less pronounced than the con- 
stant and progressive increases in circulating 
adrenaline which occur. When total circulatory 
collapse is impending, circulating levels of both 
amines are grossly increased. 

The significance of these findings in relation 
to the use of noradrenaline in the treatment of 
haemorrhagic and other states of shock deserves 
more complete study. Individual variation and 
the complex nature of the circulatory response to 
haemorrhage introduce many variables into an 
assessment of the mechanism and importance of 
sympatho-adrenal stimulation during hypoten- 
sion; it is considered that no such evaluation 
could be attempted, or is merited, without further 
data. To this end work continues. 

In conclusion it must be noted that all tech- 
niques, whether biological (Gaddum and Lem- 
beck, 1949) or fluorimetric (Euler and Floding, 
1955; Millar, 1956), which involve simultaneous 
differential estimation of adrenaline and nora- 
drenaline without complete prior separation, may 
introduce errors of variable magnitude. It is be- 
lieved, however, that the accuracy of the 
trihydroxyindole method herein described, its 
specificity (Euler and Floding, 1955; Valk and 
Price, 1956),.and its practical convenience and 
application (Benfey and Millar, 1957), offer dis- 
tinct advantages over other recent fluorimetric 
techniques. 


SUMMARY 


An adequately reliable method is described for 
the fluorimetric estimation of adrenaline and nor- 
adrenaline. The technique has been used to 
demonstrate marked increases in plasma and 
urinary adrenaline concentration in response to 
progressive haemorrhagic hypotension. It is con- 
cluded that one early component of the sympatho- 
adrenal response to haemorrhagic shock is the 
secretion of adrenaline, presumably from the 
adrenal medulla; this markedly dominates a more 
terminal rise in the plasma level of noradrenaline, 
secreted from the adrenal medulla or from sym- 
pathetic nerve endings. 








ADDENDUM 


Since this work was first reported (Millar and 
Benfey, 1957), very similar fluorimetric tech- 
niques have been described by Price and Price 
(1957), and by Cohen and Goldenberg (1957). 
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BOOK REVIEW 


Spinal Anesthesia. By Professor John B. Dillon. 
Published by Charles C. Thomas in America, 
the Ryerson Press in Canada, and Black- 
wells in Oxford. Price 22s. 6d. 

This is another of those beautifully bound and 
printed volumes that come from these firms. 
Professor Dillon gives the beginner in spinal 
anaesthesia, for whom the book is primarily 
meant, sound, level headed, safe advice as how 
to do it. It would be well to follow that advice 
for the first few hundred cases. By that time he 
may be so well satisfied that he feels no modi- 
fication is called for. On the other hand, he may 
have found that the dose recommended has been 
inadequate for some of his cases. Looking up 
old notes I find that I frequently gave double 
that amount. 

Professor Dillon does not believe in narcotics 
or belladonna derivatives as premedication. That 
to me is very surprising; a quarter of a grain of 
morphia with one-hundredth of a grain of atropine 
has a most desirable effect on most patients, with 
little if any depression of respiration. It is to be 
noted that this book is concerned only with the 
use of Tetracaine as the spinal anaesthetic. This 
anaesthetic, first introduced as Decicaine and sub- 
sequently known as Pontocaine, has in this 
country the approved name of amethocaine. It 
is a first-class anaesthetic for subarachnoid injec- 
tion; it is used in dilute solution, acts quickly, 





abolishes sensations other than that of pain at an 
early stage of its action (unlike some other 
anaesthetics which take much longer to affect the 
fibres that subserve the functions of touch and 
pressure), and it lasts longer than any other anaes- 
thetic with the exception of cinchocain. 

On the last page of his book Professor Dillon 
says: “It is my belief that death following spinal 
anaesthesia as a result of this anaesthetic per se 
should not occur.” From an experience of many 
thousands of cases with this drug this is an 
opinion that I share. Excellent as are the direc- 
tions given for using this method of producing 
anaesthesia, the interest of the book would be 
much enhanced if some account of the physio- 
logical basis upon which spinal anaesthesia 
depends were included. Not only would it in- 
crease the interest of the subject matter but 
it would be a compliment to the reader by treating 
him as an intelligent being, rather than as a young 
person who was being told what to do and how 
to do it. It would have the further advantage of 
extending the field of spinal anaesthesia to some 
grave risk cases for which it is still the best 
method of anaesthesia, if the man in charge 
is familiar with the situations which may arise 
and how to deal with them—a state of affairs that 
can only be in being if he understands the 
physiology of the matter. 

E. Falkner Hill 
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A COMPARISON OF ARTIFICIAL VENTILATION 


AND SPONTANEOUS 


RESPIRATION WITH PARTICULAR REFERENCE TO 
VENTILATION-BLOODFLOW RELATIONSHIPS 


BY 


E. J. M. CAMPBELL, J. F. NUNN AND B. W. PECKETT* 


INTRODUCTION 


IT was suggested by Lucas and Milne (1955) that 
artificial ventilation by intermittent positive 
pressure (I.P.P.) is “inefficient” in that a larger 
ventilation is required to maintain the gaseous 
composition of the arterial blood than that re- 
quired during spontaneous breathing. It has also 
been suggested by Howell and Peckett (1957) 
and by Butler and Smith (1957) that the distri- 
bution of air within the lungs is abnormal during 
I.P.P. We have investigated certain aspects of 
pulmonary physiology during spontaneous and 
artificial ventilation. Our main aims have been 
to determine, first, to what extent the altered 
distribution of ventilation within the lungs pro- 
duces a “deadspace effect” due to the relative 
overventilation of some parts of the lungs: and, 
secondly, to what extent the altered distribution 
causes a “shunt effect” due to the relative under- 
ventilation of parts of the lungs. We have made 
use of the “ideal” alveolar air concept and the 
analysis of ventilation—bloodflow relationships 
described by Riley and Cournand (1949). 

The “ideal” alveolar air composition for any 
subject under given conditions of metabolism, 
total ventilation and pulmonary blood flow is that 
composition which every alveolus would have if 
they all had the same ventilation in relation to 
blood flow. Alveoli with a relative excess of ven- 
tilation have a higher O, tension and a lower CO, 
tension, while those with a relative excess of 
blood flow (perfusion) have a lower O, tension 
and a higher CO, tension. By taking the “ideal” 
alveolar CO, tension as being equal to the arterial 
CO, tension, a measure of the inequality of 
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ventilation—perfusion ratios throughout the lungs 
can be obtained, in that overventilated alveoli 
cause a “deadspace-like” effect and overperfused 
alveoli cause a “shunt-like” or “venous admix- 
ture” effect. 

Pulmonary deadspace can be measured in 
many ways and the value obtained depends to a 
considerable extent on the method employed. The 
term will here be used to describe the value 
obtained by the use of the CO, tensions of the 
arterial blood and expired air in the Bohr formula 
(see Calculations). This method of measuring 
deadspace has two merits which are particularly 
important in connection with the problem under 
examination. Firstly, increase in deadspace from 
any cause will be detected, whereas determina- 
tions based on expired air measurements will not 
reveal the effects of changes in ventilation- 
perfusion relationships which cause an increase 
in “parallel” deadspace (the “alveolar” dead- 
space of Severinghaus and Stupfel, 1957). 
Secondly, the aim of ventilation in anaesthesia 
should be to maintain an approximately normal 
arterial CO, tension, so that changes in dead- 
space based on the arterial CO, tension have more 
clinical significance. 

The mathematical analyses and the presenta- 
tion of results are simplified by the use of the 
accepted symbols of pulmonary physiology 
(Pappenheimer, 1950; Campbell, 1957). 


METHODS 
Principle. 

Each experiment was performed in two stages. 
In the first stage the total ventilation, the oxygen 
consumption and the ventilation—blood flow rela- 
tionships were determined in the conscious spon- 
taneously breathing subject. The subject was 
then anaesthetized and paralyzed and ventilated 
artificially with a pump at a rate and depth deter- 
mined by the findings in the first stage. The 
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measurements of ventilation, oxygen consumption 
and ventilation—blood flow relationships were then 
repeated. 
Subjects. 

The subjects (table I) were healthy patients, 
with no clinical or radiological evidence of disease 
of the heart or lungs, who were undergoing plastic 
operations which required endotracheal anaes- 
thesia. The nature and purpose of the pro- 
cedures were explained to them and their consent 
obtained. 

Detailed procedure. 

Stage 1. Each subject was studied either after 
an overnight fast or at least 3 hours after a light 
breakfast. He was given pethidine 100 mg i.m. 
and then allowed to lie quietly for 1 hour. The 
oral temperature was taken towards the end of 
this period. The subject was accustomed to the 
mouthpiece and noseclip for 10-15 min and then 
the expired air was collected in a Douglas bag 
for 5 minutes, the total number of breaths being 
counted. Arterial blood was collected over a 2- 
minute period during the expired air collection. 

Stage 2. (3—4 hours after stage 1, immediately 
prior to surgical operation). Each patient was 
given the following premedication: promethazine 
50 mg, pethidine 50 mg, hyoscine 0.2 mg i.m., 1 
hour before operation. The oral temperature was 
taken immediately prior to the induction of anaes- 
thesia. The subject was supine. Anaesthesia was 
induced with thiopentone sodium and muscular 
paralysis obtained with tubocurarine 30 mg. After 
the larynx was sprayed with 4 per cent lignocaine, 
the trachea was intubated with a cuffed endo- 
tracheal tube and the tube connected to the 
artificial ventilator. Thiopentone was given in 
further divided doses throughout the experiment 
toa total of 500 mg—1 g. Throughout these pro- 
cedures the only inspired gas was room air; no 
oxygen or inhalational anaesthetic was used. The 
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patient was ventilated with a tidal volume as close 
as possible to that found when he was breathing 
spontaneously. The frequency of the pump was 
adjusted to give a total pulmonary ventilation 
based on that determined in stage I (see below). 
After waiting 12 minutes to obtain a steady state, 
expired air and arterial blood were collected in 
the same way as before. 


The artificial ventilator. 

The tidal volume of most of the generally 
available artificial ventilators cannot be predicted 
with sufficient accuracy for the purposes of this 
study. We therefore used a Starling “Ideal” pump 
whose stroke can be adjusted to within 10 ml of 
any required volume. The delivery phase of the 
pump (“inspiration”) is sinusoidal. During the 
return phase a valve opens, allowing expiration 
to be produced by the passive recoil of the lungs 
and thorax. The connections from the valves to 
the patient were restricted to approximately 15 
cm of nondistensible rubber tubing of about 1 cm 
bore, thereby reducing the possibility of the re- 
inhalation of expired carbon dioxide which would 
add to the apparatus dead space. A small bore 
water manometer was connected to a sidearm 
between the pump and the subject. This mano- 
meter served three purposes; first, it enabled us 
to be sure that the lungs emptied to the functional 
residual capacity during expiration, as shown by 
an end-expiratory pressure equal to atmospheric; 
secondly, it enabled the thoracic compliance to be 
determined by measuring the pressure difference 
between the end of inspiration and the end of 
expiration and dividing the tidal volume by this 
pressure difference; and thirdly, it acted as a 
safety valve by being constructed so that the 
water would be blown off if the pressure exceeded 
30 cm H,O. 

The first subject was given approximately the 








TABLE I 

; Height Weight Surface area 
Subjects Sex Age Operation cm kg sq.m 

1 M 24 Nasal infracture 178 62 1.76 

2 M 23 Nasal infracture 173 59 1.70 

3 M 42 Nasal infracture 170 80 1.91 

4 M 30 Hypospadias repair 173 57 1.67 

5 F 33 Hare lip repair 167 67 1.75 

6 F “Bat ear” reconstruction 152 61 1.58 
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same minute volume artificially as he had when 
breathing spontaneously. There was a consider- 
able overventilation as shown by the fall in Paco, 
from 38.5 to 30.5 mm Hg (table II). Moreover 
the high R.Q. (1.08) shows that a steady state had 
not been reached. The explanation of these find- 
ings was clearly the reduced metabolism (O, con- 
sumption reduced from 168 to 115 ml/min; 
table VII). As we wished to maintain the arterial 
Pco, as unchanged as possible, we were guided 
by the following principles in adjusting the arti- 
ficial ventilator for the subsequent studies. A 
lower total ventilation was required approximately 
proportionate to the decreased metabolism. It 
was, however, also desirable to keep the tidal 
volume unchanged because the dead space is a 
function of the end-inspiratory lung volume 
(Shepard, Campbell, Martin and Enns, 1957). 
The ventilation was therefore reduced by reduc- 
ing the frequency by an amount calculated as 
follows. It was assumed that the oxygen con- 
sumption during anaesthesia would be about 15 
per cent below predicted basal (Shackman, 
Graber and Redwood, 1951), and that the ven- 
tilation equivalent for oxygen (ventilation volume 
per unit of O, uptake) should be the same as that 
present when breathing spontaneously. The rate 
was then calculated as follows: 

Desired rate= ° 
0.85 x Predicted basal Vo, 
Observed Vo, (conscious) 





Conscious rate x 


As the frequency of the pump was not infinitely 
variable that frequency was chosen which most 
closely corresponded with the desired one. We 
found that this procedure maintained the Paco, 
within 5 mm Hg of the tension found in the 
conscious state. 


Analytical methods. 

The composition of the expired air was deter- 
mined in duplicate with the Scholander apparatus 
(Scholander, 1947). The carbon dioxide and 
oxygen tensions of the arterial blood were de- 
termined in duplicate immediately after collection 
by Riley’s method (Riley, Campbell and Shepard, 
1957) in a water bath at 37.5°C. The values 
obtained were adjusted to those obtaining at the 
observed body temperature (oral+0.5°C) using 
the correction described by Bradley, Stupfel and 
Severinghaus (1956). The volume of the expired 
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air was measured with a dry gas meter. The dead. 
space volumes of the mouthpiece and of the endo. 
tracheal tube and connections were measured by 
water displacement. The arterial plasma CO, 
content was determined by the method of Va 
Slyke and Neill (1924). 


Calculations. 

The derived values given in table II were cal. 
culated by standard methods. All ventilation 
volumes were corrected to B.T.P.S. 


was derived from the nomogram of Singer and 
Hastings (1948) and the O, saturation from a 
standard dissociation curve. 

The deadspace was calculated from the follow- 
ing version of the Bohr formula: 

Paco. — PEco2 

Vp = —- 

For comparison with the deadspace breathing 
spontaneously an estimate had to be made of the 
volume of the upper airways eliminated by the 
endotracheal tube during I.P.P. We estimate this 
volume to be 70 ml (Nunn, Campbell and Pec- 
kett, in preparation). The alveolar O, tension was 
calculated from one or other of the following 
versions of the alveolar air equation: 


Pho; = Plo: ~ 22+ [ =e, Pion a-R)] 
1 oy Flo. 


rR 


. Vr - Vp (apparatus), 











Pao, = Plo. — Paco, (Flo2+ 


The alveolar-arterial O, tension difference (A-a | 


gradient) was then derived by subtracting the 
measured arterial O, tension from the calculated 
alveolar value. At these levels of O, tension in 
normal subjects it is justifiable to assume that 
the difference in O, tension between the alveolar 
air and the blood at the end of the pulmonary 
capillaries is less than 1 mm Hg (Lilienthal, 
Riley, Proemmel and Franke, 1946). The whole 
of the A-a gradient for comparative purposes can 
therefore be attributed to the admixture of 
venous or incompletely arterialized blood. This 
venous admixture effect expressed as the equiva- 
lent of a true shunt was derived from the charts 
referred to by Riley, Cournand and Donald 
(1951), choosing the reasonable values for arterio- 
venous O, saturation difference (Sao. —Svo,) of 
25 and 35 per cent. These calculated values for 


and all | 
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the venous admixture are given in table III as 
percentages of the total pulmonary blood flow 
(Qva + Qe x 100). The effective venous admix- 
ture cannot be given as an actual volume because 
the total pulmonary blood flow was not measured. 


RESULTS 
The experimental findings are given in tables 
II"-VII and in figure 1. Examination of tables III 
and IV shows that there were considerable dif- 
ferences between the subjects in the changes in 
Vp and A-a gradient. The assessment of the sig- 
nificance of these changes in individual subjects 
required a detailed analysis of the sources of 
error in the method. Of the analytical procedures 
employed the only one which is liable to sufficient 
error to affect the significance of the results is 
the determination of the arterial blood gas ten- 
sions. All these determinations were made by one 
operator (E.J.M.C.) whose errors in estimating 
blood Pco, and Po, by this method have been 
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extensively studied (Shepard and Meier, 1957), 
The data obtained in that study were used tp 
estimate the variability of the measurements jp 


the present study by means of techniques which § 


are too lengthy to be detailed here. The 95 pe 
cent confidence limits estimated in this way ar 
shown in tables V and VI. 


Table V shows that the mean increase in Vp 
for the six subjects is significantly greater than 0, 
In three of the subjects the increase is not signi- 
ficant at the 95 per cent level of confidence, but 
in two of these (subjects 1 and 2) the increase 
closely approaches this level of significance. 


Table VI shows the A-a gradients for each 
subject together with their 95 per cent confidence 
limits during spontaneous and artificial ventila- 
tion. In subjects 1 and 5 the A-a gradient was 
significantly increased during I.P.P. Certain 
assumptions had, however, to be made in the 
statistical handling of the data which make it 


TABLE III 





SPONTANEOUS RESPIRATION 


ARTIFICIAL VENTILATION 




















Alv.-art. O, Venous admixture Alv.-art. O. = Venous admixture 

Alv. O, tension effect as % of total Alv. O, tension effect as % of total 

tension difference pulmonary blood tension difference pulmonary blood 

PAo, PA. +“ Pay, ; flow Pag, PAo, = Pay, : flow 

Subject mm Hg mm Hg Qva + Qe x 100 mm Hg mm Hg Qva + Qe x 100 

If SaO, If SaO, If SaO, If Sa0, 

—SvO, —SvO, —SvO, — SvO, 

=25% =35% =25% = 354% 
1 106.5 8.5 4% 3% 120.5 29.0 11% 8% 
2 108.5 11.5 5% 4% 108.5 11.0 4° 3% 
3 94.5 17.5 10% 8% 81.0 14.0 14% 10% 
4 98.0 7.0 4% 3% 103.0 9.0 5% 3% 
5 98.5 17.0 10% 71% 104.0 32.0 19% 15% 
6 104.5 21.0 10 8% 97.0 19.5 12% 9% 

TABLE IV 





DEADSPACE—-SPONTANEOUS RESPIRATION 


DEADSPACE—-ARTIFICIAL VENTILATION 





To end of endo- 


Corrected for volume of upper 
airway (70 ml) 





tracheal tube 





Subject ml B.T.P.S. % of VT ml B.T.P.S. ml B.T.P.S. % of VT. 

| 176 33 183 253 48 

2 152 32 143 213 46 

3 137 27 154 224 45 

+ 113 35 102 172 56 

5 137 30 95 165 42 

6 123 33 118 188 55 
Mean 139.7 — 132.5 202.5 — 
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possible that this level of confidence may not be 
justified. 

The significance of the change in A-a gradient 
in the group as a whole cannot readily be assessed 
because both the error of the Po, determination 
and the change in A~a gradient for a given 
change in the distribution of pulmonary blood 
flow have very asymmetrical distributions about 
their means. ; 
Ventilation—Blood flow distribution changes. 

The distribution of ventilation and blood flow 
during I.P.P. may change in a number of ways 


Fic. 1 


when compared with the conditions present in 
spontaneous breathing. In advance, the following 
five appeared the most probable. 

(1) No change in the distribution of ventilation 
and pulmonary blood flow within the lungs. 

(2) A change in the anatomical distribution of 
ventilation and pulmonary blood flow within the 
lungs but which leaves the ratio of ventilation to 
blood flow in each part of the lungs unchanged. 
Neither of these first two possibilities would 
cause a change in either deadspace or venous 
admixture. If we accept the conventional limits 














TABLE V 
Difference in Vb, artificial*— 
Spontaneous 
Observed 95% confidence 
Subject (ml) limits (ml) 
1 +77 — 5 to +159 
2 +61 — 1 to +123 
3 +87 +29 to +149 
4 +59 +19 to + 99 
5 +28 —28 to + 84 
6 +65 +15 to +115 
Mean + 62.8 + 46.4 to +79.2 
S.E. of mean 8.21 — 
* Vp artificial = Vp as measured + 70 ml correction 


for upper airway. 


TABLE VI 





Alveolar—Arterial Po, difference 





95% confidence 





Subject Observed limits 
| Spont. + 8.5 2.3 to +19.3 
Artific. + 29.0 +20.6 to +37.4 
2 Spont. + 11.5 + 1.3 to +21.7 
Artific. + 11.0 + 0.2 to +218 
3 Spont. + 14.5 + 7.5 to +21.5 
Artific. + 14.0 + 7.2 to +208 
4 Spont. + 7.0 — 14 to +15.6 
Artific. + 9.0 0 to +18.0 
5 Spont. + 17.0 +10.0 to +24.0 
Artific. + 32.0 +25.0 to +39.0 
6 Spont. +21.0 +13.4 to +28.6 
Artific. +19.5 +11.9 to +27.1 





of significance, only subject 2 falls into these 
groups. Even this subject, however, had an in- 
crease in deadspace which closely approached 
significance. 

(3) A change in distribution which causes sig- 
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nificant volumes of the lungs to be overventilated 
and others to be overperfused. This would be 
indicated by an increase in both deadspace and 
venous admixture. None of the subjects can con- 
fidently be placed in this group, but subject | 
closely approaches it. 

(4) A change in distribution which causes the 
ventilation of parts of the lung which have a very 
small blood flow. This would be indicated by an 
increase in deadspace but little or no change in 
venous admixture. Subjects 3, 4 and 6 (and pos- 
sibly 2) are in this group. 

(5) A change in distribution which causes the 
perfusion of parts of the lung which have a very 
small ventilation. This would be indicated by an 
increase in the venous admixture effect but little 
or no change in the deadspace. Subject 5 and 
probably subject 1 are in this group. 

Apart from altered ventilation—perfusion rela- 
tionships, the A-a gradient might have changed 
as a result of an increased a—v oxygen saturation 
difference, due to a decreased cardiac output. 
From the charts referred to by Riley, Cournand 
and Donald (1951) it was possible to calculate 
the changes in cardiac output which would ex- 
plain the findings if there was no increase in the 
venous admixture effect. For subjects 1 and 5 
it would be necessary for the cardiac output to 
be reduced by 72 per cent and 60 per cent res- 
pectively, which would seem to be unlikely in 
view of the relatively nontoxic drugs used, and 
the low end-inflationary pressures obtained. 

The oxygen consumption of each patient was 
considerably lower following the induction of 
anaesthesia and paralysis. The mean fall was by 
21 per cent to a value 12 per cent below basal 
(table VII). These figures agree closely with those 
reported by Shackman, Graber and Redwood 








TABLE VII 
Anaesthetized and 
Predicted basal Conscious paralyzed 
Vo, /sq.m Vo,/sq.m Vo, /sq.m 
Subject ml/min S.T.P.D. ml/min S.T.P.D. ml/min §.T.P.D. 
| 130 168 (+29%) 115 (—12%) 
2 130 136 (+5%) 108 (—17%) 
3 120 140 (+17%) 113 (—6%) 
4 126 116 (—8% 100 (—21%) 
5 117 136 (+ 16%) 112 (—4%) 
6 117 126 (+7%) 102 (—13% 
Mean 123.3 137 (+11%) 108.3 (—12%) 
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(1951). The carbon dioxide output of the patients 
was reduced by a similar amount and the respira- 
tory quotients, except in case 1, showed no signi- 
ficant change which might be attributed to 
anaesthesia. The compliance of the lungs and 
thorax (table II) was of the same order as the 
values obtained in anaesthetized paralyzed sub- 
jects by Nims, Conner and Comroe (1955), 
Butler and Smith (1957), and Howell and Peckett 
(1957). 


DISCUSSION 


During the use of artificial ventilation in clinical 
anaesthesia there are usually several differences 
from spontaneous respiration. The abdomen or 
thorax may be open; drugs may be employed 
which affect the pulmonary circulation or other 
aspects of pulmonary physiology; the waveform 
of the positive pressure inflation may be different 
from that which is produced by the respiratory 
muscles and unusual postures may be employed. 
We have deliberately chosen to isolate as far as 
possible the single difference due to the replace- 
ment of the action of the respiratory muscles with 
artificial ventilation of waveform similar to that 
during normal respiration. We cannot exclude the 
influence of the drugs used to produce anaes- 
thesia and paralysis. Technically it was not 
feasible, nor did we consider it justifiable, to 
carry out both stages of the study with the sub- 
jects anaesthetized. Moreover, studies of the 
mechanics (Howell and Peckett, 1957; Butler and 
Smith, 1957) suggest that the major change is in 
the pattern of distribution of the inspired air. 
During natural inspiration the action of the 
respiratory muscles enlarges the thoracic cage 
and changes its shape. The lungs follow these 
changes and the inspired air is distributed in 
accord with the change in shape. If a pump is 
substituted for the respiratory muscles the change 
in volume can be reproduced, but it is not known 
to what extent the change in shape is reproduced. 
If the pattern of inflation is different, then the 
distribution of the inspired air will also be dif- 
ferent. The studies of the mechanical properties 
teferred to above suggest that the pattern of 
inflation produced by positive pressure is dif- 
ferent from that produced by the respiratory 
muscles. If the pulmonary blood flow were re- 
distributed in accordance with the altered distri- 
B 


bution of ventilation so that the ventilation— 
perfusion ratios were unchanged then the changes 
would have no resultant effect on the deadspace 
or the A-~a gradient. Our results support the 
suggestion of Howell and Peckett, and Butler and 
Smith that the pattern of inflation is changed, 
and also show that in some subjects the redistri- 
bution of pulmonary blood flow, if it occurs, 
represents an incomplete readjustment. 

The anatomical basis for the increase in Vp 
without an increase in venous admixture found 
in three of the subjects and characteristic of the 
group as a whole could be due to one of two 
factors: (1) overventilation of parts of the lung 
which have a very small blood flow (“alveolar” or 
parallel deadspace), or (2) overdistension of the 
conducting airways (so-called “anatomical” or 
series deadspace) produced by the abnormal 
pattern of inflation. 

These mechanisms could be distinguished by 
the use of instantaneous analysis of the expired 
air for measurement of the “anatomical” dead- 
space (Fowler, 1948). If the first possibility is 
the more important, this technique would show 
little change in the “anatomical” deadspace. If 
the second possibility is the more important then 
the “anatomical” deadspace would increase dur- 
ing I.P.P. 

Although the decreased oxygen consumption 
during anaesthesia (table VII) is-well known, the 
influence of the reduced CO, output on the 
arterial carbon dioxide tension obtained with a 
particular minute volume is of considerable 
interest and practical importance. The relation- 
ship between alveolar ventilation (VA), alveolar 
(arterial) CO, concentration (FAco,) and the 
metabolic production of Co, (Vco.) in the steady 
state is given by the following expression : 

Vco, = VA. FaAcoz 

Rearranging 

Pacos = 9 (Pp-47) 

VA 

Hence if Vco, is approximately known, Paco, can 
be regulated by adjusting Va. Our small number 
of observations, together with the work of Shack- 
man, Graber and Redwood on the reduction in 
Vo, during anaesthesia, suggest that Vco, is 
about 85 per cent of the predicted basal value. 
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The only remaining problem is the estimation of 
Va. Alveolar ventilation is related to total venti- 
lation (Ve) as follows: 

Va = Ve-Vp 

Va = f(Vr- Vp) 
Therefore, if the deadspace of the subject and 
the particular anaesthetic circuit employed are 
known, Va can be controlled by adjustment of 
VE. 

These relationships mean that alveolar ventila- 
tion can be increased above that required for CO, 
homeostasis by excessive total ventilation and 
arterial CO, tension thereby reduced to unphy- 
siological levels (vide case 1). Those observers 
who have been unable to reduce Paco, by I.P.P. 
(under the same conditions of posture, etc.) must 
have had either a large instrumental deadspace 
or a circuit which allowed a substantial CO, 
concentration in the inspired air. 

Our results give adequate data on the dead- 
space of normal supine subjects with chest and 
abdomen closed when ventilated by I.P.P. 
Further work should establish the deadspace 
under other conditions. In such studies it is par- 
ticularly important that incomplete CO, absorp- 
tion and partial rebreathing be excluded if the 
results are to be of value. 

Clinically the results have a number of interest- 
ing implications: 

(1) They support the suggestion that in the 
supine position with an intact chest the distribu- 
tion of ventilation and blood flow are less “ideal” 
during artificial ventilation than during natural 
breathing. It is probable that in more complicated 
situations, particularly if the abdomen or thorax 
is opened, or the patient in the lateral position, 
the maldistribution will be greater (see Case 5, 
page 157, Comroe et al., 1955). 

(2) The changes we have found are too small 
significantly to affect the total respiratory ex- 
change or the arterialization of the blood pro- 
vided the total ventilation is adequate. It is of 
interest that in most of the subjects the use of an 
endotracheal tube compensated almost exactly 
for the increase in deadspace. In one of our sub- 
jects there was absolute evidence of overventila- 
tion, in that the arterial CO, tension was 30.5 
mm Hg in spite of the confident assertions of 
experienced anaesthetists who, while: watching 
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the artificial ventilation, considered it to be 
inadequate. 

From the standpoint of acid-base our results 
suggest that the arterial Pco, and pH could be 
maintained within normal limits by measuring 
the ventilation and O, consumption pre-opera- 
tively and then giving artificial ventilation at a 
frequency and depth determined in the manner 
we describe. 


(3) The presence of underventilated well- 
perfused parts of ‘the lungs in some subjects 
increases their liability to develop absorption 
atelectasis in small areas of lung where the venti- 
lation—perfusion ratio is low, particularly if the 
inspired gas mixture is entirely composed of gases 
which are rapidly absorbed. 


SUMMARY 


Spontaneous respiration and artificial ventilation 
have been compared in six supine healthy sub- 
jects. 

Ventilation volumes, gaseous exchange volumes 
and arterial blood gas tensions were first measured 
with the subject breathing spontaneously. The 
measurements were then repeated with the sub- 
ject anaesthetized, paralyzed and _ ventilated 
artificially via an endotracheal tube at a rate and 
depth determined by the findings during spon- 
taneous breathing. 

Ventilation—blood flow relationships were 
assessed by measuring the dead space and the 
alveolar-arterial (A—a) O, tension gradient. 

When ventilated artificially the group as a 
whole showed a highly significant increase in dead 
space but little increase in A-a PO, gradient, 
implying overventilation of parts of the lungs 
which have a small pulmonary blood flow. There 
were, however, considerable individual differences 
suggesting that, even in normal supine subjects 
with intact thoracic and abdominal walls, various 
abnormal patterns of ventilation—blood flow dis- 
tribution may occur during artificial ventilation. 

Measurements of compliance and metabolic 
rate were in agreement with those previously 
reported. 

The clinical implications of the findings are 
discussed, and the simple mathematical relation- 
ships between ventilation, dead space and arterial 
Pco, are emphasized. 








Fowler 
res 


Ph. 
Lilienth 
Fre 
in 
al Vv 
exe 
Phy 
Lucas, | 
bal: 
Nims, R 
The 
thet 





HESIA 
to be 


results 
yuld be 
asuring 
-Opera- 
ym ata 
manner 


| well- 
subjects 
orption 
> venti- 
if the 
f gases 


tilation 
ly sub- 


olumes 
-asured 
y. The 
le sub- 
itilated 
ite and 


- spon- 


were 
nd the 


) as a 
n dead 
adient, 

lungs 
There 
-rences 
ubjects 
various 
iw dis- 
lation. 
tabolic 
viously 


gs are 
lation- 
irterial 





ARTIFICIAL VENTILATION AND SPONTANEOUS RESPIRATION 


ACKNOWLEDGMENTS 


We would like to thank Dr, O. P. Dinnick and Mr. 
Rainsford Mowlem for their help and for allowing 
us to study patients under their care, and the patients 
for their co-operation. We are also particularly 
grateful to Dr. R. H. Shepard for the great trouble 
he took with the statistical analysis. Dr. R. F. Woolmer 
read the manuscript and made many helpful sugges- 
tions at all stages of the study. 


REFERENCES 


Bradley, A. F., Stupfel, M., and Severinghaus, J. W. 
(1956). Effect of temperature on Pco, and Po, of 
blood in vitro. J. appl. physiol., 9, 201. 

Butler, J.. and Smith, B. H. (1957). Pressure-volume 
relationships of the chest in the completely re- 
laxed anaesthetised patient. Clin. Sci., 16, 125. 

Campbell, E. J. M. (1957). Terminology and symbols 
used in respiratory physiology. Brit. J. Anaesth., 
29, 534. 

Comroe, J. H., Forster, R. E., Dubois, A. B., Briscoe, 
W. A., and Carlsen, E. (1955). The Lung: Clinical 
physiology and pulmonary function tests. Chicago: 
Year Book Co. 

Fowler, W. S. (1948). Lung function studies. II: The 
respiratory dead space. Amer. J. Physiol., 154, 
405. 

Howell, J. B. L., and Peckett, B. W. (1957). Studies 
of the elastic properties of the thorax of supine 
anaesthetised paralysed human_ subjects. J. 
Physiol., 136, 1. 

Lilienthal, J. L., Riley, R. L., Proemmel, D. D., and 
Franke, R. E. (1946). An experimental analysis 
in man of the oxygen pressure gradient from 
alveolar air to arterial blood during rest and 
exercise at sea level and at altitude. Amer. J. 
Physiol., 147, 199. 

Lucas, B. G. B., and Milne, E. H. (1955).). Acid base 
balance and anaesthesia. Thorax, 10, 354. 

Nims, R. G., Conner, E. H., and Comroe, J. H. (1955). 
The compliance of the human thorax in anes- 
thetized patients. J. clin. invest., 34, 744. 





175 


Nunn, J. F., Campbell, E. J. M., and Peckett, B. W. 
Subdivisions of the dead space in the anaesthe- 
tized patient, (In preparation.) 

Pappenheimer, J. R. (1950). Standardization of 
definitions and symbols in respiratory physiology. 
Fed. Proc., 9, 602. 

Riley, R. L., Campbell, E. J. M., and Shepard, R. H. 
(1957). A bubble method for estimation of Pco, 
and Po, in whole blood. J. appl. Physiol., 11, 245. 

—— Cournand, A. (1949). “Ideal” alveolar air and 
the analysis of ventilation—perfusion relationships 
in the lungs. J. appl. Physiol., 1, 825. 

—— —— Donald, K. W. (1951). Analysis of factors 
affecting partial pressures of oxygen and carbon 
dioxide in gas and blood of lungs; methods. J. 
appl. Physiol., 4, 77. 

Scholander, P. F. (1947). Analyzer for accurate esti- 
mation of respiratory gases in one-half cubic 
centimetre samples. J. Biol. Chem., 167, 235. 

Severinghaus, J. W., and Stupfel, M. (1957). Alveolar 
dead space as an index of distribution of blood 
flow in pulmonary capillaries. J. appl. Physiol., 
10, 335. 

Shackman, R., Graber, G. I., and Redwood, C. (1951). 
O, consumption and anaesthesia. Clin. Sci., 10, 
219. 

Shepard, R. H., Campbell, E. J. M., Martin, H. B., 

and Enns, T. (1957). Factors affecting the pul- 

monary deadspace as determined by single breath 

analysis. J. appl. Physiol., 11, 241. 

Meier, P. (1957). Analysis of the errors of 
a bubble method for estimation of Pco, and Po, 
in whole blood. J. appl. Physiol., 11, 250. 

Singer, R. B., and Hastings, A. B. (1948). An 
improved clinical method for the estimation of 
disturbances of the acid-base balance of human 
blood. Medicine, 27, 223. 

Van Slyke, D. D., and Neill, J. M. (1924). The deter- 
mination of gases in blood and other solutions by 
vacuum extraction and manometric measurement. 
J. biol. Chem., 61, 523. 











































Brit. ¥. Anaesth. (1958), 30, 176 


POT] 
use a. 
comp! 
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THE volume of respiratory deadspace in an anaes- METHODS the vol 
thetic mask is an elusive quantity. At one ; ; 
extreme Gillespie (1948) suggests that the Meanwement of Stash Vehune. a j eaage 
approximate content of most masks is 150 ml, Control of both the volume of air in the rim 
whilst Swerdlow (1957) assumes a volume of 50 ad, and the pressure with which the mask is Measui 
ml for both mask and connector. applied to the face, are essential to obtain con- One 
In the present investigation the volume of gas Sistent results. waterp! 
contained between mask and face was measured In the postmortem room the nose and mouth from a 
on forty-five faces in the postmortem room, using of the adult subject are sealed using waterproof shown 
a water displacement method. The volume of adhesive strapping. To the air inlet of the rim that in 
mask connectors as far as either the expiratory pad of the mask is attached a tube leading to a to the 
valve, or the T piece, was measured for a variety Tycos pressure gauge, and through a three-way figure 2 
of connectors, using a similar method. tap to a 20 ml all-glass syringe (fig. 1). Before | 
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Fic. 1 
The apparatus used. The No. 4 McKesson mask contains 120 ml of air. 
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use a known volume (V) of air is injected into the 
completely emptied rim pad. The mask is 
attached to the face of the subject using a Con- 
nell harness, the tension of which can be adjusted 
so that the rim pad pressure is readily controlled. 
From a measuring cylinder containing a known 
volume, water is poured into the entrance to the 
mask until it reaches level X in figure 2. If this 
level remains constant no leaks are assumed, and 
the volume of water poured from the cylinder is 
noted. The mask is removed from the face, both 
are dried, and the readings are repeated twice. 


Measurement of Volume of Mask Connectors. 

One end of each connector is occluded with 
waterproof adhesive strapping, water being added 
from a 20 ml syringe, until it reaches the level 
shown by the shading in figure 3. It is assumed 
that in each case the taper fitting to be attached 
to the mask extends exactly to the level X in 
figure 2. 





POTENTIAL DEADSPACE IN AN ANAESTHETIC MASK AND CONNECTORS 





Fic. 2 
The extent of the internal mask volume measured. 


Accuracy of the Method. 

The Tycos pressure gauge was checked against 
a vertical mercury column before, during and 
after the investigation, and was then accurate to 
+3 mm Hg. The maximum difference between 
any two of the three readings keeping subject, 
rim pad volume and rim pad pressure constant, 
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D. 268 ML 


E.9 ML 


F. 23 ML 
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The extent of the internal volume of a variety of facepiece connectors is 
shown by stippling. 


Magill Y piece. 


TMOOw> 


Angle mount and expiratory valve. 
McKesson angle mount and expiratory valve. 


Angle mount and expiratory valve. 
Henning Ruben nonreturn valve (Ruben, 1955). 
Y piece with angle mount. 
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was 7 ml. Errors due to difference in barometric 
pressure and temperature were ignored. 


RESULTS 


The same initially new No. 4 McKesson mask 
was used throughout the investigation. Mean 
readings only were plotted (figs. 4, 5, 6 and 7). 
Figures 4 and 5 show respectively the effect of 
varying rim pad pressure (P) and rim pad volume 
(V). Figure 6 shows that, under standard con- 
ditions, mask volumes varied between 76 and 107 
ml in 25 males. Figure 7 shows similar results 
in 20 females, in which mask volumes varied 
between 87 and 110 ml. 

Approximate volumes for a variety of con- 
nectors are given in figure 3. These should be 
checked on the reader’s own apparatus. 


DISCUSSION 


The relationship between Mask Volume and 
Mask Deadspace. 
Internal mask volume as measured by this 
method will probably be greater than mask dead- 
space, because during respiration gas currents 
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presumably tend to travel between the points of 
entry and exit, i.e. channelling probably occurs to 
an unknown extent. 

In addition, when tidal volume is small, even 
if we assume complete mixing of inspired gas 
with mask gas, only a proportion of the finally 
diluted mixture will be inhaled. With increasing 
tidal volumes, more of the diluted mask gas will 
be inhaled, and mask deadspace will approach in- 
ternal mask volume in exponential fashion if 
mixing occurs. 

Channelling will be opposed by gas currents 
set up inside the mask, which will be maximal 
at peak inspiratory and expiratory gas velocities, | 
in which flowrates of 30-35 litres a minute occur 
during quiet breathing (Proctor and Hardy, 
1949; Cherniack, 1952). These currents will be 
affected by facial contours and by the direction 
of the column of gas entering or leaving the 
patient’s airway. 

Until the interaction of these factors has been 
studied, it would be wise to regard internal mask 
volume as potential deadspace. 
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The effect on internal mask volume of tightening the Connell harness, 
thus increasing rimpad pressure. Lines join readings taken where face and 


rimpad volume (V) remain constant. 
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The effect on internal mask volume of varying the volume of air in the 

rimpad of the mask. Lines join readings where face and rimpad pressure 
(P), in mm Hg, remain constant. 
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The internal volume of a No. 4 McKesson mask in 25 males, under 
standard conditions, i.e. rimpad volume (V) = 120 ml, rimpad pressure 


controlled by adjusting the tension on the straps of a Connell harness 
= 90 mm Hg. At lower pressures a watertight seal became unreliable. 
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he internal volume of a No. 4 McKesson mask in 20 females under the 
same standard conditions as in fig. 6. The mask did not fit one female face. 


The Effect of Added Deadspace in Patients who 
Breathe Spontaneously. 

This will depend upon the sensitivity of the 
anaesthetized subject’s respiratory centre to slight 
changes in arterial CO, tension. 

Let us first assume that the patient’s respiratory 
centre is fully sensitive, and that it responds to 
an added deadspace in such a way as to restore 
the alveolar ventilation to its previous level. 

This will probably be achieved mainly by an 
increase in depth, rather than in rate of breathing. 
In this case minute volume will be increased by 
the product of added deadspace and respiratory 
rate. If, as a result of added deadspace, respiratory 
rate is increased, the product of total deadspace 
and this increase must be added. 

To give an example, suppose an anaesthetized 
female breathes from a No. 4 McKesson mask 
connected to a Magill attachment by an angle 
piece and expiratory valve (type A, fig. 3). Her 
tidal volume without added deadspace is 400 ml, 

and her respiratory rate is 16 a minute, i.e., 
respiratory minute volume=6.4 litres. 

Fresh gas flow to limit the percentage of CO, 
rebreathed to a satisfactory level has been shown 
by Woolmer and Lind (1954), to be 7-litres a 


minute for a patient having a respiratory minute 
volume of 6.4 litres, breathing from the Magill 
attachment without added deadspace. Any in- 
crease in minute volume due to an increase in 
deadspace must be added to this figure (Maple- 
son, 1954). Assuming added deadspace = potential 
deadspace of mask and connectors=98 ml (mean 
for females in fig. 7)+30 ml=128 ml. Increase 
in minute volume due to added deadspace= 
(added deadspace x respiratory rate)=(128 x 16 
= 2048=2 litres a minute. Therefore fresh gas 
flow should equal 7 +2=9 litres a minute. 

If in the same female respiratory rate increases 
from 16 to 24 breaths a minute as a result of 
added deadspace, it can be shown similarly that 
fresh gas flows should exceed 11 litres a minute. 
Thus it will be seen that a response to added 
deadspace which consists of an increase in rate 
calls for a larger augmentation of the flow of fresh 
gases than does a response consisting of an in- 
crease in depth. 

The assumption that the patient’s respiratory 
centre is fully sensitive to slight changes in carbon 
dioxide tension does not apply in a patient pre- 
medicated with or given narcotic drugs (Prescott 
et al., 1949; Eckenhoff et al., 1955; Dripps and 
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Severinghaus, 1955). Let us assume that, as a 
result of pre-operative narcotic drugs, carbon 
dioxide retention has already occurred, and that 
the respiratory centre can no longer respond to 
a further rise in arterial CO. tension. In these cir- 
cumstances, if deadspace is added, the arterial 
CO, level will rise until the product of alveolar 
CO, concentration and alveolar minute volume 
equals the volume of CO, produced by the patient 
each minute. 

To illustrate this assumption let us suppose: 
CO, production 200 ml each minute. 
Respiratory rate = 12a minute. 


Tidal volume = 400 ml. 
Normal deadspace = 150 ml. 
Added deadspace = 125 ml. 


Before added deadspace is introduced the 
effective alveolar ventilation 
= (400 — 150) x 12=3000 ml/min. 
Alveolar CO. concentration therefore 


= a 0.066 =6.6 per cent 


3000 
After added deadspace is introduced alveolar 
minute volume 
=(250— 125) x 12=1500 ml. 
Alveolar CO, concentration therefore 


- 
al 0.133 = 13.3 per cent. 
1500 


Unless inspired oxygen concentration is above 20 
per cent a reduction in arterial oxygen saturation 
will also occur. 

In practice, the result of added deadspace is 
shared between an increase in respiratory minute 
volume and an increase in alveolar CO, con- 
centration to a level where the reduced alveolar 
minute volume is sufficient to expel metabolized 
CO,. An increase in minute volume will be of 
little consequence in the healthy adult. In patients 
who are exhausted or suffering from any form of 
respiratory obstruction, the extra work imposed 
may be beyond the capabilities of the respiratory 
muscles. 

The effects of a raised arterial carbon dioxide 
tension are beyond the scope of this paper. 





SUMMARY 


(1) A method of measuring the internal volume 
of an anaesthetic mask using cadavers is described. 
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(2) The internal mask volume of a No. 4 
McKesson mask under standard conditions, 
varied from 76 ml to 107 ml in twenty-five males, 
and from 87 ml to 110 ml in twenty females. 

(3) The internal volume of a series of face- 
piece connectors has been measured. 

(4) The relationship between internal mask 
volume and mask deadspace is discussed. 

(5) The physiological effects of added dead- 
space are discussed. 

(a) An increase in respiratory minute volume 
may occur. The expected increase can be calcu- 
lated if added deadspace is known. 

(b) Carbon dioxide retention will follow unless 
the full increase in minute volume occurs. Hyper- 
carbia would appear to be universal when patients 
premedicated with narcotics breathe spontane- 
ously through the anaesthetic masks and con- 
nectors in current use. 
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A MODIFIED SEMI-OPEN SYSTEM FOR CHILDREN’S ANAESTHESIA 


BY 


R. J. VALE 


Department of Anaesthetics, 


THE use of standard, semi-open circuits in anaes- 
thesia for infants and young children has always 
been open to the theoretical disadvantage that 
the additional deadspace imposed by the appara- 
tus is large compared with the deadspace and 
tidal volume of the child. 

The standard spring-loaded Heidbrink type 
valve has been shown by Mapleson and Mushin 
(1954) to vary considerably in “opening 
pressure”. Sufficient pressure to fill the reservoir 
bag before the valve opens is desirable, but such 
a pressure which is small for the adult may be 
considerable for a child. While this difficulty may 
be overcome by propping the valve open with a 
pin, this still leaves the problem of the deadspace 
of the apparatus unsolved. 

The appreciation of these difficulties has 
resulted in an open method with a Schimmel- 
busch mask being advocated for the infant and 
small child, but this has disadvantages of its own. 
It is more difficult to control the level of anaes- 
thesia where so many variables are present, and 
the proximity of the head to the surgical field 
makes sterile precautions more difficult. A method 
is described here whereby a simple modification 
to existing masks makes it possible to overcome 
the problem of deadspace and valve pressure, and 
it is suggested that it may find general applica- 
tion in the anaesthesia of infants and small chil- 
dren where no definite indication for intubation 


Guy’s Hospital, London, S.E.1 


spontaneous respiration by the use of relaxants 
does not occur. 

The small mask illustrated (figs. 1 and 2) has 
a volume of 25 ml, the standard angle piece a 
volume of 15 ml, and a further 5—10 ml is present 
in that portion of the valve mount distal to the 
expiratory valve. It is not known by how much 
this deadspace is reduced by the turbulence 
caused by the gas flow in the unmodified Magill 
semi-open circuit, but it is certain that a con- 
siderable amount of expired air must be trapped 
in the mask and angle-piece at the end of 
expiration and is then inhaled at the beginning of 
the following inspiration. 

It is of interest to compare the deadspace pro- 
duced by an ordinary face mask and angle-piece 
with the figures given by Hall (1955) for the 
deadspace and tidal volume of these children 
(table I). 

It can be seen that at the age of one year the 
additional deadspace of the mask and angle-piece 
is some three times that of the child’s own dead- 
space, and at eight years it is equal to it. Mor 
important is the relationship of the deadspace in 
the apparatus to the child’s tidal volume. Approxi- 
mately one-half the child’s inspired air will consis 
of expired air at the age of one year, and 
approximately one-fifth at the age of eight. 

The salient features of the modified face mask 
(figs. 1 and 2) are as follows: 








exists, and where interference with adequate A brass tube of 3” external diameter i 
TABLE I 
Age T.V. M. Vol. Deadspace 

(years) (ml) (ml) Rate/ min. (ml) 

6/12 64 3500 55 12 

12/12 79 3700 45 16 

18/12 131 4300 33 26 

3 156 4900 31 31 

5 192 5400 28 38 

8 228 6200 25 46 
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mounted in the upper surface of the mask and a 
piece of Paul’s 4” latex tubing 14” long is 
stretched over this. In order that this should 
collapse completely on inspiration, it is creased 
into an ellipse in cross section by putting a fine 
line of latex solution at diametrically opposite 
points and pinching the tubing together. If this 
is not done, the tubing fails to collapse completely 
during inspiration and, theoretically, dilution of 
the mixture with air would occur. The length of 
tubing on the brass tube is of some importance: 
if too short, collapse during inspiration is in- 
complete; if too long, the end falls over when 
collapsed and the pressure required to open the 
valve in expiration is increased. 

The resistance offered by this valve at varying 
flow rates is shown in table II. 
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is too high, the valve will remain open during 
inspiration, as the only alternative to entering the 
patient’s lungs is to escape through the valve. 

It was decided to measure minute volume and 
respiratory rate in unselected children of a variety 
of ages to see if the practical matched the theore. 
tical considerations. This was done using the 
apparatus shown in figure 3. The meter used was 
a domestic gas meter modified and supplied by 
Parkinson and Cowan. The patient breathed ip 
and out of a bag mounted in a Perspex box which 
has inlet and outlet valves at its base, and the air 
displaced by movement of the bag was passed 


through the gas meter. It has been shown by | 


Collier (1956) that during complete rebreathing 
for a period not exceeding 20 seconds there is no 
rise in carbon dioxide tension due to recirculation, 


TABLE II 
Resistance Offered by Valve at Various Flow Rates. 





Mean flow rate l./min. 6.2 7.6 9.7 10.8 
Pressure cm H,O am Gs 0.4 0.4 


13.9 
0.55 0.6 0.8 1.5 


15.0 16.4 20.0 23. $5 2065 @ 
1 y Se 23 6.0 





The principle on which this mask works is as 
follows : 

The standard Magill semi-open circuit appa- 
ratus is used with the bag switched out of use 
and the Heidbrink type valve shut. During in- 
spiration, the flow rate from the machine has to 
satisfy the patient’s inspiratory flow rate, and 
during expiration, the patient’s expired air passes 
out through the valve, mingling with the un- 
wanted gases from the machine. During the 
expiratory pause, the small amount of expired air 
contained in the mask is blown out through the 
valve by the continuing flow of fresh gases. 

The operative factor is clearly the fact that the 
patient’s inspired air has to be completely sup- 
plied by the flow of fresh gases from the machine. 
It may be said now that if the bag is put in use 
to obviate the possibility of “starving” the patient 
of gases during inspiration, the system fails, as 
the valve remains perpetually open. If the 
patient’s minute volume and respiratory rate were 
known, it would be possible to calculate the rate 
of flow of gas into the lungs during inspiration, 
and thus to decide on the flow rate necessary to 
supply the patient with adequate gases during 
inspiration. Theoretical consideration also makes 
it apparent that if the flow rate from the machine 


The quarter-minute volume was measured there- 
fore, the rate observed, and the results multiplied 
by four to give the minute volume and respiratory 
rate per minute. It was noted during these ob- 
servations that at respiratory rates below 30 per 
minute there was a definite expiratory pause and 
that at respiratory rates above 40 per minute, 
inspiration followed expiration closely. While the 
period of the respiratory cycle occupied by in- 
spiration must alter gradually from one-third to 
one-half between the rates of 30 and 40 per 
minute, it was assumed for the purpose of cal- 
culating the inspiratory flow rate that inspiration 
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occupies one-third of the respiratory cycle below 
35 per minute, and one-half above 35 per minute. 

The observations were taken as follows. The 
minute volume and respiratory rate were 
measured as above. Next the flow meters on the 
machine were adjusted to give that flow which 
just prevented the valve closing on inspiration. 
From the theoretical considerations mentioned 
earlier, the calculated inspiratory flow rate should 
approximately equal that flow of fresh gases that 
just prevented the valve closing on inspiration. 
The observations are given in table III. The very 
high flow rates given in observations 5, 7, 8, 11, 
13, 14 and 15 were measured, using an oxygen 
cylinder and reducing valve, and passing the 
oxygen through the gas meter for the period of a 
minute. The remaining flow rates were measured 
using the standard B.O.C. flow meters. 

The inspiratory flow rate was calculated as fol- 
lows. If inspiration occupies one-third of the res- 
piratory cycle, then it may be said that the 
minute volume is inspired during one-third of a 
minute. Thus in one minute, three times the 
minute volume is inspired. This equals the in- 
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spiratory flow rate. For the sake of clarity, the 
actual length of inspiration at the various respira- 
tory rates and the tidal volume are given in the 
table so that the inspiratory flow rate may be 
worked out by an alternative method. 

In order to see whether the flow rate was in- 
adequate to satisfy the needs of inspiration, a 
water manometer was attached to a side arm 
from the valve mount and the negative pressure 
in the system during inspiration was measured. 
It can be seen from observation no. 12 that when 
the flow rate from the machine that just left the 
valve open on inspiration (11 1./min) equalled 
the calculated inspiratory flow rate (10.8 1./min), 
the negative pressure in the system on inspiration 
was 135 cm water. When the flow rate was reduced 
to 9 and then 7 |./min the negative pressure rose 
to 13 cm and 23 cm H,O respectively. 

It can be seen from table III that in the 
majority of observations, the flow rate that just 
kept the valve open on inspiration approximated 
closely to the calculated inspiratory flow rate. In 
the graph (fig. 4) the calculated inspiratory flow 
rate is plotted against that flow rate from the 
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Graph relating calculated inspiratory flow rate to flow rate from machine. 
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machine that just keeps the valve open during 
inspiration and the theoretical ideal is shown. It 
must be emphasized that even trivial degrees of 
respiratory obstruction made it impossible to 
adjust the flow rate to keep the valve open on 
inspiration, and this may explain some of the 
discrepancies. 

Two points of interest emerge from considera- 
tion of the observations in table III and Dr. Hall’s 
figures in table I. One is that the minute volume 
varies considerably with the stage of anaesthesia 
and stimulus of surgery; the other that the 
minute volume of infants is high relative to that 
of older children, largely by virtue of their high 
© respiratory rate. The method of adjusting flow 
rate to the behaviour of the expiratory valve des- 
cribed above enables the anaesthetist to keep the 
system working satisfactorily despite frequently 
changing minute volumes and indeed, if he 
wishes, to measure that minute volume with an 
acceptable degree of accuracy. 

One further advantage that may be mentioned 
is that at any time the system can be rapidly 
restored to that of a Magill semi-open circuit by 
opening the valve, switching in the bag and put- 
ting a thumb over the brass tube bearing the 
latex valve. This may be of value during induc- 
tion when minute volume is high with consequent 
extravagance in gas flow, or where assisted or 
artificial respiration is indicated. 
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The main disadvantage to this system is the 
high flow rate necessary in bigger children with 
consequent increase in cost. This must be 
balanced against the value of an anaesthetic 
where there is no rebreathing and little valve 
resistance. 

In conclusion it must be said that the advan- 
tages of this system as given here are largely 
theoretical, but in practice it has worked ex- 
tremely well. Later it is hoped to provide figures 
of arterial carbon dioxide tension, comparing this 
system with the standard semi-open technique. 
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CARDIAC IRREGULARITIES DURING INDUCTION WITH HALOTHANE 


BY 


E. J. DELANEY 
The Royal Infirmary, Dundee, Scotland 


THERE have been several reports on cardiac 
irregularities during halothane (Fluothane) anaes- 
thesia. Hudon et al. (1957) found arrhythmias in 
14 per cent of cases and Stephen et al (1957) 
in 40 per cent. Johnstone (1956) found minor 
electrocardiographic changes in 1.8 per cent of 
patients during light halothane anaesthesia. In 
most of the above cases the arrhythmias occurred 
during third stage anaesthesia, normal rhythm 
returning when the halothane concentration was 
reduced. Johnstone (1956) also reported twelve 
cases with ventricular extrasystoles which dis- 
appeared on adequate pulmonary ventilation. 
Respiratory depression and consequent anoxia 
was apparently responsible for many of these 
cardiac irregularities. 

Halothane in clinical use has many qualities 
resembling chloroform and the possibility that it 
may, like chloroform, cause cardiac arrest during 
induction is a constant worry. In 1932 Hill made 
an electrocardiographic study of the human heart 
during induction of anaesthesia with chloroform, 
and his work has been repeatedly quoted over 
the years. He found that cardiac irregularities of 
the type which could precede ventricular fibrilla- 
tion frequently occurred during induction with 
chloroform but disappeared with the attainment 
of third stage anaesthesia. Hill took continuous 
electrocardiograms of sixteen patients during in- 
duction with open chloroform. 

In the present investigation continuous elec- 
trocardiographic records (standard limb leads) 
were taken in twenty-four patients and Professor 
Hill kindly agreed to examine and comment on 
the electrocardiograms. The subjects were patients 
for elective surgery with healthy cardiovascular 
and respiratory systems. There were twelve males 
and twelve females and the ages mage from 
twelve to sixty-eight years. 
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Premedication. The patients were premedicated 
because of the insistence of the suppliers that at the 
present stage of halothane usage atropine is essential 
for its safe administration. Premedication consisted of 
atropine sulphate 0.6 mg with morphine hydrochloriae 
10 mg in twenty-one cases and atropine sulphate 
0.6 mg only in the remaining three cases. 

Induction. Twelve patients were induced witn open 
halothane. Induction took about 8 minutes. If the 
concentration of the halothane was increased too 
rapidly periods of apnoea occurred which disturbed 
the progress of the induction (Bryce-Smith, 1956). No 
patient objected to open induction with halothane. 

Twelve patients were induced on the upper circuit 
of a Boyle’s apparatus with halothane 50 ml in the 
smaller bottle and using oxygen only, the flow rate 
being 8 litres per minute. Induction took an average 
of 94 minutes and would doubtless have been more 
rapid if nitrous oxide had been used. During the 
slow induction without nitrous oxide it was hoped 
to bring out any cardiac irregularities which might 
occur with halothane during second stage anaesthesta. 

The progress of the induction was judged and the 
second stage elicited by disturbing the patients tre- 
quently. Third stage anaesthesia was taken as the 
point where a patient no longer responded to vigorous 
pinching of the lobe of the ear. An endotracheal tube 
was inserted in eight cases after third stage anaes- 
thesia had been reached, in four cases under halo- 
thane alone and in four cases after the administration 
of suxamethonium 75 mg. 


OBSERVATIONS ON ELECTROCARDIOGRAMS 


In no case did the control electrocardiograms 
show evidence of cardiac disease. 


Summary of electrocardiographic changes during 
induction with halothane. 

(a) Twenty cases showed no abnormality. 

(b) Four cases showed minor changes as fol- 

lows: 

Case 2. Male, age 34 years; P2 variable in con- 
trol and throughout record. 

Case 6. Male age 36 years; T2 variable in 
control and throughout record. 
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CARDIAC IRREGULARITIES DURING INDUCTION WITH HALOTHANE 


Case 9. Male, age 61 years; one supraventri- 

cular extrasystole and variable T2. 

Case 10. Male, age 19 years; T waves flat in 

control and throughout record. 

None of these abnormalities is regarded as 
significant. In almost every case sinus tachycardia 
occurred during the early stage of the induction 
but the heart rate slowed to normal limits in the 
third stage. 

Summary of electrocardiographic changes fol- 
lowing Intubation in the third stage in the 
four cases intubated under halothane alone. 

(a2) Increase in rate from 72 to 100—sinus 
tachycardia. 


tHE 


FIG. 
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(b) Increase in rate from 55 to 100. In this 
case the P waves disappeared with the faster 
rhythm which was probably nodal (fig. 1). 

(c) Increase in rate from 68 to about 150 per 
minute. Sinus rhythm with coupled ventricular 
extrasystoles. 

(d) Slight ST depression after intubation and 
increase in rate from 86 to about 150 per minute. 
Prolonged coupled rhythm with ventricular ex- 
trasystoles following each sinus beat (fig. 2). 

These abnormal patterns slowly returned to 
normal. Each of these four cases had laryngeal 
reactions on insertion of the endotracheal tube, 
the reactions being most marked in the two cases 


} 4 


1 


Nodal rhythm following reaction to intubation under light halothane anaesthesia without 
relaxant. 





Fic. 2 
Coupled rhythm with ventricular extrasystoles following reaction to intubation under light 
halothane anaesthesia without relaxant. 
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which developed coupled rhythm. This coupled 
rhythm closely resembled the type of gross dis- 
turbance seen by Hill during chloroform induc- 
tion (fig. 3). The same abnormal pattern was 
recorded by Brindle et al. (1957) after injection 
of cinchocaine and adrenaline during halothane 
anaesthesia. 


Summary of electrocardiographic changes follow- 
ing intubation in the third stage in the four 
cases intubated after the injection of suxame- 
thonium 75 mg. 

(a) Three cases—small increase in heart rate 
but no other change in electrocardiograms. 

(b) One case—auricular fibrillation of some 
minutes duration. 

In the last case suxamethonium 75 mg was not 
sufficient to give complete relaxation and the 
patient reacted to the passage of the tube. In the 
previous three cases there was no reaction to 
intubation. 

COMMENT 
In Hill’s series of sixteen cases induced with 
chloroform, four showed no electrocardiographic 
changes and four had minor changes such as the 
disappearance of P waves or nodal rhythm. Eight 
of the sixteen cases had gross disturbances which 
were in the nature of multiple ventricular ex- 
trasystoles, and this cardiac irregularity was of 
the type which had been found so characteris- 
tically to precede ventricular fibrillation in 
experimental animals. This “prefibrillation phase” 
would generally elude clinical observation and 
the patient’s condition would not give rise to 
concern. Nevertheless such a disturbance in 
cardiac rhythm could be followed by ventricular 


nn en = 










A Rap nr a = - 


- aoe 
ee ee 
ee - 


ee 





oe 
ee ee ee 





ee me ee ee 
SSS STS 


~< 
ee = Fe ee 
cae Seat e> sai soee Sane 
re te ee ee ee ee 
k ‘ 









































BRITISH JOURNAL OF ANAESTHESIA 


fibrillation at any moment and was regarded by 
Hill as the essential danger of induction with 
chloroform. 

With halothane no significant electrocardio- 
graphic changes occurred during induction of 
anaesthesia and the tachycardia noted in the early 
stages was probably of nervous origin. The pass- 
age of an endotracheal tube on the other hand 
is always liable to cause electrocardiographic 
changes if the patient reacts. Burstein et al, 
(1950), using several different types of general 
anaesthesia for endotracheal intubation, observed 
arrhythmias in 68 per cent of their cases. John- 
stone (1955), using thiopentone and_ various 
relaxants for intubation, found that cardiac irregu- 
larities were most likely to occur when laryngeal 
reactions to the passage of the tube were noted. 
Of the eight cases intubated in this limited series 
five reacted to intubation and in four of these 
significant electrocardiographic changes were 
seen. 

SUMMARY 


Continuous electrocardiograms were taken of 
twenty-four patients during induction with halo- 
thane. These electrocardiograms were examined 
by Professor Hill, who in 1932 conducted the 
now classical study of electrocardiographic 
changes during induction with chloroform. The 
“prefibrillation phase” which not infrequently 
occurred during induction with chloroform was 
not observed during induction with halothane. 
On the other hand, when laryngeal reaction 
occurred on intubation under light halothane 
anaesthesia without relaxant, gross changes in 
cardiac rhythm were observed. 
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Coupled rhythm with ventricular extrasystoles during chloroform induction (Hill, 1932). 
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NEUROGENIC RUPTURE OF THE OESOPHAGUS 


J. D. 


BY 


WHITBY 


Department of Neurosurgery, Newcastle General Hospital, Newcastle on Tyne, England 


It was in 1849 that Rokitanski noticed the relative 
frequency with which gastric and oesophageal 
lesions were found in patients who had died of 
intracranial disease. Cushing, in 1932, described 
eleven cases of alimentary tract lesions occurring 
in association with intracranial disease; two of 
them had rupture of the oesophagus. Fincher 
and Swanson (1949) described three cases of 
neurogenic rupture of the oesophagus and con- 
cluded that this complication was commoner than 
had been generally realized. Rupture of the 
oesophagus was found in fifteen out of 452 con- 
secutive autopsies on patients who had died of 
intracranial lesions in this hospital between 1951 
and 1954. It was only found three times in 1,590 
other autopsies performed during the same period, 
twice in patients with acute lesions of the upper 
part of the spinal cord and once in a patient who 
had died in hepatic coma (Maclver et al., 1956). 
Thirteen more cases have occurred during the 
last three years. 

With two exceptions, in which round perfora- 
tions were found, the lesion was a longitudinal 
tear in the lower third of the oesophagus. Its 
position and shape were similar to those found 
in spontaneous rupture (Walker, 1914; Collis 
et al., 1944; Barrett, 1946; Ware and Strieder, 
1949; Mackler, 1952; Grigsby et al., 1953) and 
the left side was involved five times as frequently 
as the right. Perforation of the pleura had occurred 
in all except one of the cases and fluid was in- 
variably found in one or other of the pleural 
cavities, but only seven cases had effusions that 
were larger than 10 oz. (250 ml). In seven cases 
the effusions were bilateral. Mediastinal air was 
found in four cases. In four cases the stomach 
wall had also perforated. 

The intracranial lesions varied widely (table I) 
and it was impossible to pin the cause down to 
direct involvement of the hypothalamus or its 
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TABLE [| 
Neurological cases with rupture of the oesophagus. 





Head injuries 13 
Intracranial aneurysms 3 
Supratentorial tumours 4 
Infratentorial tumours 7 
Cerebral abscess | 
Cervical cord lesions 2 

30 





connections. It may be the result of an autonomic 
inco-ordination, with the oesophagus failing to 
relax when the patient vomits, retches, or even 
hiccoughs, and the actual rupture is probably just 
one fatal complication of a serious intracranial 
syndrome. As the folds of the oesophagus are 
linear, regurgitation and autodigestion may play 
a part. 

Clinically there were three main types. 

(1) The Agonal type, in which the patient 
vomited a quantity of dark brown fluid, often 
of coffee grounds appearance, collapsed, and 
died within 5 minutes. 

(2) The Indefinite type, in which deterioration 
was gradual and in which there was no evidence 
to suggest when the rupture had occurred. 

(3) The Interval type, in which deterioration 
was sudden or rapid, but which survived long 
enough for a diagnosis to be made if the condition 
was suspected. In most the neurological lesion 
made death inevitable, but in five cases it was 
just possible that prompt surgical intervention 
could have resulted in survival. It is this type that 
is of interest to the anaesthetist. 

A typical case of the Interval type was a gitl, 
aged 6 years, with a large extradural haematoma 
who was unfortunately not admitted to the neuro- 
surgical unit until 26 hours after the original 
accident. On admission she was deeply comatose, 
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responding only to strong painful stimuli, and in 
a state of decerebrate rigidity. Her temperature 
was 105°F, her pulse rate 164/min, and her 
respiratory rate 44/min. The basal air entry was 
good and equal but coarse rales were audible in 
all areas. 

Under orotracheal anaesthesia, and very little 
was required, the bleeding point was dealt with 
and a large extradural haematoma evacuated. The 
brain bulged out when the clot was removed and 
the bone flap was sacrificed. 

Six hours after operation she suddenly col- 
lapsed, becoming cyanosed and pulseless, and a 
quantity of dark brown fluid trickled out of her 
mouth. On examination 10 minutes later, she 
was in obvious peripheral circulatory failure with 
a rapid, feeble, irregular, and almost uncount- 
able pulse. Her respirations were grunting and 
48/min. There was dullness on percussion and 
diminished air entry at the left base, and tinkling, 
splashing sounds were also audible in this area. 

An X-ray of the chest, which was taken with 
the patient supine, showed a slight increase in 
density in the midzone on the left side (figure 1) 
and was not by itself diagnostic. This is, however, 
the region in which a small pleural effusion will 
collect when the patient is supine. Unfortunately 
aspiration was not attempted. 

Mephentermine, noradrenaline, and transfusion 
had no effect on the blood pressure and death 
occurred 2 hours later. The autopsy showed gross 
cerebral oedema with cerebellar and uncal pres- 
sure cones. There was a linear slit 5 cm long in 
the left lateral wall of the oesophagus with some 
surrounding digestion. Perforation had occurred 
into the left pleural cavity, which contained 10 oz. 
(250 ml) of dark brown fluid, and there was also 
a small perforation of the stomach. 

Diagnosis is always difficult, because the signs 
and symptoms found in spontaneous rupture are 
masked by the neurological lesion, and it depends 
on the investigation of any sudden or rapid de- 
terioration of the condition of a patient who is a 
likely candidate for rupture. Cushing (1932) 
described a typical case in a child with a cere- 
bellar tumour. On the second day after operation 
there was a sudden deterioration with hyper- 
pyrexia, frequent and copious vomits of dark 
brown fluid, laboured respiration, cyanosis, and 
bronchial rales, and the wound was reopened 
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without any intracranial cause for these symptoms 
being found. 

The comatose patient is unable to complain 
of pain, but two patients in this series did com- 
plain of pain in the chest before losing con- 
sciousness. In the first, a woman with a high 
cervical cord lesion, the pain was not severe: in 
the second, the pain was due to a pulmonary 
infarction and the oesophageal rupture was on 
the opposite side. A pyrexia of over 100°F is 
common, but not invariable; it was recorded 
in twenty cases. The pulmonary signs are usually 
equivocal and, like the cardiovascular signs, may 
be masked or mimicked by an intracranial lesion. 
It is clinically impossible to detect a small quan- 
tity of fluid in the pleural cavity of an unconscious 
and unco-operative patient with shallow respira- 
tions, but if there is a good and equal basal air 
entry, rupture is unlikely. Death occurs before 
the classical signs of a large pleural effusion can 
appear. 

When a comatose patient, and particularly a 
pyrexial one, shows a sudden or rapid deteriora- 
tion with or without a fall in blood pressure, but 
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with deepening coma, tachycardia, tachypnoea or 
grunting respiration, and the presence of general- 
ized moist sounds in the chest, the possibility of a 
rupture of the oesophagus should be considered. 

A straight radiograph of the chest should 

be taken and an attempt made to demonstrate 
fluid in the costophrenic angles, but, even with 
careful posturing in a positive case, the effusion 
may be too small. The injection of radio-opaque 
fluid down a Levin’s tube can be done at the 
same time, but this too is unreliable. A positive 
aspiration of the pleural cavity would be diag- 
nostic, but a negative aspiration does not prove 
anything. Unfortunately, not only must a firm 
diagnosis be made, but it is important to know 
on which side the rupture has occurred if sur- 
gery is to be attempted. The possibility of a cure 
is remote, but surgical intervention has been 
successful in at least one case in America (Fin- 
cher and Swanson, 1949). 

Prevention may offer more hope than cure. It 
has been noticeable in this unit that, although 
rupture has occurred in patients who have been 
given a single dose of chlorpromazine, it has not 
occurred in any case that has been on regular 
doses of phenothiazine derivatives and in which 
any tendency for the temperature to rise to 100°F 
or higher has immediately been corrected by 
active cooling. During the last twelve months 
this treatment has been given to all severe head 
injuries and postoperatively to many cases with 
cerebral tumours and aneurysms, and there have 
only been two cases of rupture of the oesophagus 
instead of the usual five or six. The first was a 
woman with a pontine glioma who showed the 
typical signs of a rapid deterioration with deepen- 
ing coma, hyperpyrexia, rising pulse and respira- 









tory rates, and increased pulmonary secretions, 
but did not receive the lytic cocktail or any active 
cooling. The second was a man with a severe head 
injury and a compound fracture of the femur 
who was given a single dose of 50 mg of chlor- 
promazine 8 hours before he collapsed. It is too 
early for any statistical proof that this treatment 
protects the patient against a neurogenic rupture 
of the oesophagus, but the results so far are 
encouraging. 
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ON CHLOROFORM AND OTHER ANASTHETICS 


THEIR ACTION AND ADMINISTRATION 


BY 


JoHN SNow, M.D. 
Licentiate of the Royal College of Physicians 


(Continued from page 46) 


The Removal of Tumours of the Upper 
jaw. Mr. Syme, Mr. Lizars, and some 
other surgeons, expressed an opinion at 
one time that chloroform could not be 
safely used in this operation, as the blood 
would be liable to flow into the lungs. 
This is not the case, however, as the glottis 
retains its sensibility apparently unim- 
paired, if the influence of the chloroform 
is not too deep or long continued. It is 
only necessary to hold the head forward 
now and then, when the throat is very full 
of blood, in order to allow the patient the 
same opportunity of breathing that he 
would require if he were awake. A good 
deal of blood passes into the stomach in 
great operations about the mouth under 
the influence of chloroform; and if a few 
drops pass into the wind-pipe, they are 
coughed up again, as they would be in the 
waking state; there is, however, less 
appearance of suffocation in operations 
where the blood flows back into the throat, 
when the patient is insensible, than when 
he is awake. The glottis appears to retain 
some sensibility as long as a creature is 
capable of breathing, for I have placed the 
head of more than one cat under water 
after making them thoroughly insensible 
with chloroform, and the action of the 
respiratory muscles lasted more than two 
minutes, but no water entered the lungs. 

I have always made the patient insen- 
sible in the usual way, with the inhaler, 
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before the operation of removing tumours 
of the jaw, and have kept up the insensi- 
bility during the operation by means of a 
mixture of chloroform and spirit on a 
hollow sponge; or in cases in which I have 
not been provided with this mixture, I 
have put not more than fifteen or twenty 
minims of chloroform on the sponge at one 
time. Owing to the hands of the surgeon 
and his assistants being very much in the 
way, I have not always been able to keep 
the patient quite insensible throughout the 
operation. He has sometimes struggled or 
cried out, but there has been hardly any 
case in which the patient afterwards 
remembered any considerable part of the 
operation. 

I have notes of twelve cases of removal 
of the upper jaw in which I have adminis- 
tered chloroform, in addition to four cases 
to which I alluded in the Medical Gazette, 
in the early part of 1849. In some of the 
cases, the malar bone was removed, as well 
as the the superior maxillary. Eleven of 
these operations were performed by Mr. 
Fergusson, and the others were performed 
by Mr. Partridge, Mr. Henry Charles 
Johnson, Mr. Hewett, Mr. Henry Smith, 
and Mr. Haynes Walton. 

Mr. Fergusson introduced a great 
improvement in this operation about seven 
years ago; instead of the incisions through 
the cheek or lip, or both these parts, he 
merely slits open the lip exactly in the 
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mesial line, as far as the columna of the 
nose, and then carries the knife along onc 
side of the base of the columna into the 
nostril, next the tumour. He says: “By 
opening the nostril in this way as much 
relaxation was gained as if the knife had 
been carried from the root of the ala an 
inch up the side of the nose, and as much 
facility was given for the future steps of 
the operation, as if an incision three inches 
in length had been made through the lip 
and side of the nose, while a grand object 
was gained in leaving the slightest 
possible conspicuous appearance after- 
wards.”* This plan has the further great 
advantage of avoiding the very copious 
hemorrhage which arises from a deep 
incision in the side of the face. 

In one of the operations which was per- 
formed before this improvement was 
introduced, the patient died of haemor- 
rhage. The case is related by Mr. Pres- 
cott Hewett in the Medico-Chirurgical 
Transactions for 1851. This operation was 
performed in St. George’s Hospital, in 
May 1848, with the consent of the surgical 
staff of the hospital. The patient was a 
man, aged twenty-five; the tumour was of 
nearly six years’ duration. For some time 
previous to the operation, he had suffered 
occasionally from hemorrhage from the 
affected nostril, to an extent which had 
reduced him considerably. The vapour 
was given to him rather slowly, with the 
apparatus I commonly employ, and he 
became gradually insensible, without 
previous excitement or struggling. In 
about three minutes, the inhalation was 
discontinued, the narcotism having 
reached the third degree. The patient was 





* Practical Surgery, 3rd ed., p. 682. 
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passive, but the muscles were not 
relaxed. The breathing was not stertorous, 
Some teeth were now extracted without 
causing any sign of pain. A little more 
chloroform was then given to him, and 
when the inhalation was discontinued a 
second time, he was in the same state as 
before the teeth were drawn. The opera- 
tion was immediately commenced. The 
superior maxillary and malar bones of the 
left side were removed. During the first 
part of the operation, whilst the flaps were 
made, the patient was perfectly quiet and 
silent; but afterwards he began to groan 
and move his limbs, and he was not again 
rendered altogether insensible; for 
although a few minims of chloroform were 
from time time sprinkled over a sponge, 
which was, now and then, held near his 
face, yet, owing to the hands of the 
operator and his assistants being in the 
way, and the cavity of the mouth and 
nostril being laid widely open, he got very 
little of the vapour, and the only effect of 
it was partially to quiet him on one or two 
occasions. After the first two or three 
minutes of the operation, the effect of the 
chloroform never exceeded the second 
degree. The patient executed voluntary 
movements of his arms and legs; some- 
times it was necessary to hold his hands, 
and at one time he appeared conscious, for 
he folded his arms as if making an effort 
not to raise his hands to the seat of pain. 
He coughed now and then, and seemed 
somewhat embarrassed with the blood in 
his throat. He was seated in a chair, but 
as there was no window in the operating 
theatre except the skylight, his head was 
obliged to be inclined rather backwards. 
He was leaned forwards once or twice, to 
allow him to get rid of the blood, and it 
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appeared that he vomited some on one of 
these occasions. Towards the conclusion 
of the operation, and at a time when he 
was very little under the influence of 
chloroform, he fainted. He was laid 
down, and brandy was given to him. No 
more chloroform was administered after 
this time. He partially rallied from the 
syncope, but again became faint. The 
actual cautery was applied, but oozing of 
blood continued until the moment of 
death—about half an hour after his 
removal into another room. During this 
interval, he was much exhausted; his pulse 
was small, and difficult to feel. He was 
tossing himself about in a restless manner, 
but there was no difficulty of breathing. 
He seemed quite conscious, doing as he 
was told, but, of course, could not speak, 
from the nature of the operation. I left a 
few minutes before the patient’s death. 
When he ceased to breathe, laryngotomy 
was performed, and artificial respiration 
exercised by the opening, with no bene- 
ficial result. In my opinion, this measure 
was not indicated, but of course it could 
do no harm. 

One of the surgeons who was present 
when the patient died informed me that 
blood entered his windpipe from the 
wound, when he became moribund. 

It was found during the operation that 
the tumour did not involve the superior 
maxillary or malar bones, but was situated 
behind them. In his address to the class 
immediately after the operation, Mr. 
Hewett estimated the loss of blood at 
sixteen ounces. It appeared to me to be 
much greater; besides that a great deal of 
blood would certainly be swallowed. 

After death, portions of the tumour 
were found still remaining attached to the 
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posterior and upper part of the cavity, and 
projecting into the foramen lacerum of the 
orbit and right nostril, as well as in other 
directions. The trachea and bronchi con- 
tained some frothy blood. Numerous 
small dark spots of congestion were met 
with in the lung, resulting from some of 
the small bronchi being filled with blood. 

The late Mr. Liston lost a patient from 
hemorrhage during the removal of a 
tumour of the upper jaw, before the pre- 
vention of pain by inhalation was dis- 
covered; and it is evident that the chloro- 
form did not contribute either directly or 
indirectly to the death of Mr. Hewett’s 
patient. His symptoms were simply those 
of exhaustion from loss blood; he 
recovered from the effects of the chloro- 
form some time before he died; and the 
small quantity of blood which spotted the 
lungs, and was observed to enter as he was 
dying, would not have led to any immedi- 
ate urgent symptoms if it had entered 
during the operation. 

Tumours of the Lower Faw. I have 
notes of twelve cases in which I have given 
chloroform during this operation. Eight 
of the operations were performed by Mr. 
Fergusson, and the others by Mr. Stanley, 
Mr. Tatum, Mr. Hancock, and Dr. 
Pettigrew. In some of the cases the jaw 
was divided on each side above its angles, 
and in most of the others it was disarticu- 
lated on one side, and divided near the 
symphysis. Three of the patients died 
within three days, from the hemorrhage 
which occurred at the time of the opera- 
tion, but the others all recovered. 

The remarks which were made respect- 
ing the application of chloroform in the 
removal of tumours of the upper jaw are 
applicable here. After the operation has 
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been commenced, one should endeavour 
to keep up the insensibility by means of a 
mixture of chloroform and spirit on a 
hollow sponge. In tumours, both of the 
upper and lower jaw, the operating table 
is preferable to an easy chair for the 
patient under chloroform. The head and 
shoulders must be raised by the moveable 
flap of the table, or by some other con- 
trivance if the operation be performed in 
a private house. I have, however, seen the 
operation performed on a sofa, and with 
the patient in bed. The blood does not 
flow into the throat so much in the 
removal of tumours of the lower jaw, as 
in those of the upper one. 

Tumours of the Female Breast. I have 
memoranda of 222 cases in which I have 
given chloroform during the removal of 
tumours of the breast, or tumours which 
returned after the breast had _ been 
removed. I do not include with these a 
considerable number of small tumours, 
situated upon, and near the gland, but not 
involving it. By far the greater number 
of the tumours of the breast were looked 
upon as malignant, but I am not able to 
state the numbers which were believed to 
be malignant, and which were thought not 
to be so. I may state that there is no 
surgeon whom I am in the habit of assist- 
ing who does not occasionally remove 
malignant, as well as non-malignant, 
tumours of the breast. By far the greatest 
proportion of the above mentioned opera- 
tions on tumours of the breast were per- 
formed in private practice. In a number 
of cases diseased glands were removed 
from the axilla, in addition to the 
mammary gland. It is desirable in the 
removal of large tumours of the breast that 
the surgeon should be well seconded, by 
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assistants who are in the constant habit of 
assisting him, in order that the bleeding 
may be restrained and arrested as quickly 
as possible. I have not seen any case in 
which the patient did not go through the 
operation, and live, as far as I can remem- 
ber, for two or three days. But a few of 
the patients have been very faint from 
bleeding during the operation, and faint- 
ness from hemorrhage seldom takes place 
during the influence of chloroform unless 
the loss of blood is very great. The greater 
portion of the patients who have been faint 
during the operation have done well after- 
wards, but a few of them have not. In 
cases where there is a great loss of blood, 
and a very large wound remains, the 
patients are apt to sink and die in from 
three to five days. Most patients may 
recover from a considerable hemorrhage, 
and most patients may be able to bear up 
during the healing of a large wound, but 
the combination of a great hemorrhage 
and a great wound is apt to be fatal; 
especially to patients who are already 
reduced by illness. The largest tumour of 
the breast I have seen removed, was one 
on which Mr. Fergusson operated, in 
King’s College Hospital, on Feb. 26th, 
1853; it weighed eighteen pounds and a 
half. On the 4th of June, following, the 
same patient had a small tumour removed 
from the same situation. It probably 
resulted from a portion of the large one 
which had been left behind. 

There are a few surgeons who prefer to 
have the patient seated in an easy chair 
whilst removing a tumour of the breast; 
but it is more convenient, under the in- 
fluence of chloroform, that the patient 
should lie on a table, or sofa, or in bed. I 
usually keep the patient unconscious till 
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the wound is stitched up, and the plaster 
and bandage applied. 

I have administered chloroform in four 
cases of tumour of the male breast. These 
tumours were all of them malignant, I 
believe. 

Other Tumours. I have had to adminis- 
ter chloroform during the removal of 
several large and deep-seated tumours of 
the face, situated just in front of the 
ear, over the parotid gland, with which 
some of them were thought to be 
connected. These operations were gen- 
erally extremely difficult and tedious, 
owing to the necessity of avoiding the 
division of the branches of the facial nerve 
which passed over the tumour. When the 
branches of the facial nerve are touched 
with the forceps, or back of the scalpel, 
during these operations, the muscles of the 
face to which the branches are distributed 
contract very freely, at a time when the 
patient is perfectly insensible. Mr. 
Stanley, Mr. Fergusson, and Mr. Tatum, 
are amongst the surgeons whom I have 
assisted in the removal of tumours of this 
kind. 

I have memoranda of 41 tumours situ- 
ated behind the angle of the jaw, in the 
removal of which I have exhibited chloro- 
form. These tumours, which mostly con- 
sisted of diseased lymphatic glands, were 
often very deep-seated, passin, near to the 
carotid artery, and it was necessary on 
that account to keep the patient quite 
insensible, to prevent his flinching during 
the operation. The greater number of 
these tumours were removed by Mr. 
Fergusson. 

Seventy-one of the tumours of the 
removal of which I have notes, are stated 
to have been of the encysted kind. Sixteen 
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of them were situated on the eyelids, six- 
teen on the scalp, three or four in the orbit, 
several in front, or at the side of the neck, 
and the rest in different parts of the body. 

I have memoranda of 66 fatty tumours 
which were removed from different parts 
of the body. Some of them were of great 
size; one weighed fifteen pounds. One 
which Mr. Fergusson removed in 1855 
from the arm of a lady, the patient of 
Messrs. Maurice and Harris of Reading, 
was situated beneath the biceps muscle, 
and weighed two pounds six ounces and a 
half. The diagnosis of it was very difficult. 
The fatty tumours were easily removed, 
except in a few instances, in which the fat 
was infiltrated in the surrounding tissues. 

I have notes of the removal of 87 other 
tumours of various kinds, as fibrous, 
scirrhous, epithelial, melanotic, fungoid, 
etc. 

On February 11th, 1854, Mr. Fergus- 
son removed a large fibrous tumour, situ- 
ated over the right scapula of a stout 
gentleman about forty. It weighed about 
three pounds. The tumour was very 
adherent to all the surrounding tissues, 
and the removal of it occupied five or ten 
minutes, and was atttended with consider- 
able hemorrhage. At the time when the 
tumour was completely detached, the 
patient became pale, and the pulse could 
no longer be felt in either wrist or in the 
temporal arteries. He did not faint, how- 
ever, for the breathing continued to be 
well and regularly performed. He parti- 
ally recovered his feeling once or twice, 
whilst the vessels were being tied, and 
more chloroform was given to him. At the 
end of the operation he was quite con- 
scious, and did not complain of being faint, 
although no pulse could be felt. The pulse 
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had not returned when I left him half an 
hour after the operation, and I was 
informed that it did not return for about 
three hours. Four hours after the opera- 
tion, when I called to see him, he had a 
frequent and very distinct pulse. He had 
some hot brandy and water just after the 
operation, and about ten minutes after- 
wards he insisted on going to the water- 
closet in the next room, and could not be 
persuaded to lie still. —The moment he was 
raised on his feet, however, he fainted, but 
was immediately laid down again, when he 
as quickly recovered his consciousness, and 
was content to lie still. This was the only 
faintness he had. It is my opinion that the 
effect of the chloroform kept up the 
breathing and prevented syncope, whilst 
the smaller arteries of the exterior of the 
body contracted so as to confine the 
remaining blood very much to the vital 
organs. The patient seemed in some 
danger for two or three days, but was 
walking out quite well in less than a fort- 
night. 

In April 1856, Mr. Paget removed a 
fibro-cellular tumour, weighing probably 
ten or twelve pounds, from a lady a few 
weeks out of her confinement. The tumour 
was situated over the sacrum and nates. 
Sir Benjamin Brodie was present at the 
operation. The patient recovered favour- 
ably. 

Nevi. I have memoranda of 116 
operations on vascular tumours, the 
greater part of them in infants. The opera- 
tions have generally been performed by 
subcutaneous ligature and have been 
extremely successful. The greater 
number of them have been performed by 
Mr. Fergusson and Mr. Bowman, in 
private practice and in King’s College 
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Hospital. Some of the nevi on the faces 
of infants, which were operated upon by 
Mr. Fergusson, were very large, and 
required a succession of operations. 

Ligature of Arteries. I have adminis- 
tered chloroform in three cases of ligature 
of the carotid artery, by Mr. Bowman, 
Mr. Lane, and Mr. Haynes Walton. Mr. 
Walton’s patient was an infant six months 
old. The right common carotid artery was 
tied, on account of a tumour which pushed 
forward the eye to a great extent. On the 
child being brought under the influence of 
chloroform, the prominence of the eye 
diminished very much, as I was informed 
that it had done when chloroform was 
given for some reason on a previous 
occasion. On the ligature being placed 
under the artery, the chloroform was 
discontinued, and its effects allowed to 
subside before the ligature was tied. As 
the effects of the chloroform went off, 
the eye became as prominent as before; 
and the tightening of the ligature had 
no effect on this prominence whilst I 
remained, although it instantly stopped the 
pulsation of the temporal artery. I was 
informed that this child was cured by the 
operation. 

I have also administered chloroform in 
three cases of ligature of the external iliac 
artery, for aneurism of the femoral. Two 
of the operations were performed by Mr. 
Fergusson, and the other by Mr. Henry 
Smith. One of Mr. Fergusson’s patients 
was a very stout gentleman; the external 
iliac artery was diseased at the usual situa- 
tion of the ligature, and it had to be tied 
near to the common iliac. This patient 
died. Mr. Henry Smith’s patient 
recovered, as I believe did the other of Mr. 
Fergusson’s. It is necessary that the 
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patient should be kept very insensible 
during the operation of tying the carotid 
or external iliac artery, to prevent the 


| possibility of his flinching. 


I have exhibited chloroform six times 
for the ligature of the superficial femoral 
artery, On account of aneurism in the 
popliteal space. Two of these operations 
were performed by Mr. Bowman on 
the same man with an interval of three 
weeks. He had an aneurism in the 
popliteal space of both limbs. There was 
a case of false aneurism of the radial 
artery, on which Mr. Fergusson operated 
by tying the artery above and below, and 
turning out the clot; and also a case in 
which Mr. Hancock tied the vessels for a 
false aneurism, situated between the meta- 
carpal bones of the thumb and forefinger. 
There were two cases also in which the 
radial artery was tied for a recent wound; 
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(To be continued) 
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one by Mr. Henry Charles Johnson, the 
other by Mr. Henry Lee. 

Tumours of the Bone. I have adminis- 
tered chloroform in a number of cases of 
the removal of enchondroma, and other 
tumours of bone. In June 1849 I assisted 
the late Mr. Aston Key whilst he removed 
a bony tumour from a youth about sixteen, 
situated at the inner and anterior part of 
the femur, just above the knee; and I have 
seen two or three other tumours of the 
same kind, exactly in the same situation. 
I have no notes of the other cases; but one 
was a patient of Mr. Quain, and another, 
I think, of Mr. Fergusson. After an 
incision is made, the tumour can be clipped 
clean off at once with a pair of strong, 
curved bone nippers. Unless the bone 
nippers are curved the operation is 
troublesome and difficult. 











































CORRESPONDENCE 


TERMINOLOGY AND SYMBOLS USED IN 
RESPIRATORY PHYSIOLOGY 


Sir,—As a physicist and mathematician I welcome 
the attempt to rationalize and standardize the 
terminology and symbols used in respiratory 
physiology and it is good that this attempt should 
be so fully reported by Dr. Campbell in the 
December 1957 issue of this journal. Further- 
more, I wholly applaud the logical system of 
terms for subdivisions of the lung volume. How- 
ever, I cannot say the same of the system of 
symbols and, lest some of your readers should 
think that, because it appears scientific, therefore 
it is beyond criticism, I feel it important to point 
out certain serious faults. 

Firstly, in the original exposition of the system 
by Pappenheimer (1950) and in the present one 
by Dr. Campbell (and also in the one by Comroe 
et al., 1955) the symbols are printed in Roman 
type and not italic. Secondly, the secondary sym- 
bols are printed “on the line” (VT) instead of as 
inferiors (V;). Both these features are contrary to 
specific recommendations of British Standard 
1991 and to established mathematical practice. 
Since the system emanated from American res- 
piratory physiologists this is perhaps understand- 
able—but it is none the less regrettable and the 
regret is not merely a matter of pedantry. The 
use of italics helps to distinguish symbols from 
text so that, when the system has grown to incor- 
porate other symbols such apparently whimsical 
—and ungrammatical—statements as “if I tends 
to infinity” will be replaced by the more sober 
“if I tends to infinity” in which it is immediately 
apparent that the author is referring to a variation 
in a physical quantity and not to some personal 
excursion into space travel. The objection to “on 
the line” suffixes is that the accepted interpreta- 
tion of Xy is “the quantity represented by X 
multiplied by the quantity represented by y”. As 
yet the use of “on the line” suffixes does not 
seem to lead to any specific instances of ambiguity 
but as the system expands no doubt it will do so. 
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One would not expect much opposition to cor- 
recting these two faults since to do so would not 
greatly alter the appearance of the system. Thus 
FAco, becomes F, co. and the appearance of 
italics can be further judged from the remainder 
of this letter. On the other hand, there is another 
feature which is just as likely to lead to confusion 
but which, if changed, would considerably alter 
the appearance of the system. 

The designers of the system have adopted the 
obvious course of using the initial letter of each 
quantity as its symbol. (QO can be taken to mean 
volume quantity of blood.) However, a clash 
arises, between fractional concentration and flow- 
rate. Since F is used for the former, it cannot be 


used for the latter. To use V or Q (the differential 
of volume) appears very clever at first sight but 
in practice becomes objectionable. Thus, accord- 
ing to the system the symbol for the volume of 
gas in the alveoli is V4. If one wishes to differen- 
tiate this with respect to time one would write V4, 
meaning the rate of change, with time, of alveolar 
volume—or instantaneous flow-rate into or out of 
the alveoli. But, according to the system, the 
symbol for this quantity is Ve or Vi while Va is 
used for alveolar ventilation. The position is 
further confused in Dr. Campbell’s exposition of 


the system by quoting Ve as the symbol for total 
ventilation. Since total ventilation is actually the 
mean expiratory (or inspiratory) flow-rate, aver- 
aged over at least one cycle, then its symbol, 
according to the present system ought surely to 


be Ve (or Vi) a typesetter’s nightmare! A better 
solution would be to use some entirely different 
symbol—say G for gas flow and H for blood flow 
or, better still, J for gas flow (to bring out th 
analogy with electric current flow for which Is 
the accepted symbol) and F for blood flow. 

To make this change would probably arous 
considerable opposition but the idea of using 
symbols which are not initial letters is not new 
to anaesthetists or physiologists. They readily 
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accept K as the symbol for Potassium so why not 
| for gas flow-rate? Indeed, some “non-initial” 
symbols will have to be accepted soon in order 
to relieve the clash of C standing for compliance 
and for concentration in the blood phase and R 
for resistance and respiratory exchange ratio. 

As the system expands, further clashes will 
occur and no doubt further changes will be re- 
quired. For instance, who is going to write 
Ficr;-cucnr for the fractional concentration of 
halothane in inspired gas? But while these 
changes can, and, indeed, generally must, be left 
until the need arises, it seems to me essential that 
the fundamental differences between this system 
and the mathematical systems used in all other 
branches of science (use of italics and avoidance 
of “on the line” suffixes and improper use of 
symbols such as V) should be resolved as quickly 
as possible before they become too heavily en- 
trenched. 

W. W. MaPLeson 
Department of Anaesthetics 
Welsh National School of Medicine, Cardiff 
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Sir,—Thank you for giving me the opportunity 
to comment on Dr. Mapleson’s letter. 

I think his suggestions about the use of italics 
and inferiors are reasonable and if used in the 
Journal should cause no confusion. 

I do not think his remarks about the correct 
designation of time derivatives are as sound. I 
would like to comment on this aspect of his letter 
in more detail. However, I was not party to the 
discussion under the chairmanship of Dr. Pappen- 
heimer (Fed. Proc. (1950), 9, 602) which adopted 
the conventions and I might therefore confuse 
the issue. 

Dr. Mapleson’s comments and suggestions are 
obviously important outside the immediate field 
of anaesthesia and I suggest that he write to the 
members of the original committee or that one of 
them be invited to comment on his letter. 

E. J. M. CAMPBELL 
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DOSE OF CURARE 


Sir,—Dr. Foster in his letter (Brit. 7. Anaesth. 
(1957), 29, 433) reproaches me for attempting 
long range diagnosis in my paper on “Doses of 
Curare” (Brit. #7. Anaesth. (1957), 29, 288). In 
medical literature full case reports are given to 
enable the reader to visualize courses of events, 
that he may learn from, and profit by, the author’s 
experience. If after careful study of a clear and 
detailed description different conclusions are 
reached they ought not to be called telepathic. 

As Dr. Foster’s case was used to illustrate 
what I consider to be the effect of large doses of 
curare there was no need to comment on pre- 
medication or to mention that large doses of 
neostigmine by themselves have a curarizing effect 
and may summate with the paralytic action of 
dtc (Chase et al., 1949). 

For me it is not difficult to believe that a 
patient who was unconscious under 75/25 per 
cent nitrous oxide-oxygen while lying undisturbed 
on the operating table may partially regain con- 
sciousness during intubation. Dr. Foster’s case 
did not show an isolated reflex movement but was 
“moving his arms and legs, shaking his head, 
opening his eyes”. The depth of anaesthesia 
reached by such a mixture varies considerably in 
different patients (Nosworthy, 1953). 

Though being familiar with the nitrous oxide 
technique and using it routinely with hardly any 
supplement for intracranial and lung surgery, in 
my hands it has not been successful in abdominal 
operations. In my opinion a given anaesthetic 
state is the balance between potency of anaes- 
thetic mixture (i.e. gases and drugs) and stimuli. 
As the stimuli vary the mixture, too, ought not 
to remain fixed and nitrous oxide ought to be 
supplemented, e.g. for traction on mesentery or 
peritoneum. Nosworthy (1953) has raised the 
question whether certain circulatory disturbances 
and vasovagal attacks may not sometimes be due 
to too light anaesthesia, as curarization has little, 
if any, effect on autonomic reflex activity. 

As Dr. Foster rightly states, large doses of thio- 
pentone, pethidine and ether have undesirable 
side effects, but large doses are rarely needed, 
and small supplementary amounts will damage 
the patient less than unsuppressed reflex stimuli. 
The summary description of my case 1, criticized 
by him, did not convey the state of a sudden 
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severe illness in a man of powerful build whose 
muscles are not relaxed by 12 mg dtc, but re- 
quired 40 mg gallamine to permit abdominal 
exploration. Supplementary thiopentone, pethi- 
dine and ether were given when needed and in 
the amounts needed and, therefore, I did not 
“throw caution to the winds”. It is precisely my 
contention that if drugs are “titrated” against the 
reactions of a particular patient and not given in 
preconceived large amounts overdosing hardly 
ever occurs. This “titration” gives satisfactory 
though sometimes quite unexpected results. 

A man of 82, obese and muscular, suffered 
from volvulus of his tremendously distended sig- 
moid, requiring a Mikulicz resection. After pre- 
medication with atropine only, a sleep dose of 
100 mg thiopentone followed by cyclopropane 
with traces of ether and 10 mg dtc sufficed for 
the whole procedure which took 14 hours. Three 
days later a frail woman of 74, about half his size, 
needed more anaesthetic and 14 mg dtc for re- 
duction of a volvulus of caecum and caecostomy, 
lasting 1 hour. 

Confronted with a woman of 65, desperately 
ill, suffering for three days from paralytic ileus 
due to a perforated gall bladder, fibrillating with 
a heart rate of 170/min, uraemic and hypo- 
chloraemic, I felt sure that after premedication 
with 50 mg pethidine and 50 mg phenergan, she 
would not require anything but nitrous oxide/ 
oxygen and some relaxant. But with 10 mg dtc I 
needed 300 mg thiopentone to allow intubation, 
with some bucking and thereafter no progress 
could be made with nitrous oxide. Two further 
doses of 6 and 4 mg dtc and ether did not abolish 
tension nor depress respiration, and even with 
gradual additions of 475 mg thiopentone and 
finally 40 mg pethidine the patient would move 
whenever reduction of ether was tried. In spite of 
this frightening medication the abdominal muscles 
resisted closure. 20 mg gallamine provided excel- 
lent closing conditions but, as feared, brought the 
heart rate which had settled at 140 back to 
160/min. 
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None of these patients reacted as anticipated; 
none required neostigmine for return of adequate 
respiration; all three recovered from the operation 
though the third died 10 days later of biliary 
peritonitis. 

The article by Burchell (1957) reached me 
when my paper was already in press. The 
moderate dtc doses used by him do not suffi- 
ciently explain the irreversible respiratory depres- 
sion in cases of ileus in the aged. A depressed 
acetylcholine-cholinesterase system, as postulated 
by him, or hypokalaemia, as suggested by Dr. 
Foster, may play a part. It might be best to avoid 
relaxants in such cases, as Burchell suggests, 
though cyclopropane which he advises does not 
always give sufficient relaxation and may cause 
postoperative depression. Perhaps halothane will 
become the anaesthetic of choice. 

But if relaxants are used I would plead again 
to test small doses on the individual patient. If 
the effect of 5-10 mg dtc passes quickly it will | 
not be dangerous to add small amounts. But © 
should complete relaxation and apnoea be pro- 
longed no more need be given and the chances 
for return of spontaneous respiration will be bet- 
ter. With intravenously administered drugs which 
act within minutes it is easy to correct any defi- ~ 
ciency but once given they cannot be removed_ 
nor always be antagonized, as shown by Foster, 7 
Burchell and in the reports quoted in my article. | 

LuIsE WISLICKI — 
Hadassah University Hospital © 
Ferusalem, Israel ~ 
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